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SI. Cl  ION  I 


I  AT  KOIHHT  [ON 


Oh  j «.-c  l  i  VCS 

The  major  object  ive  oi  this  work  eifort  is  to  ■.  Iia  r.u  1  e  r  i  /.<.•  .iti  iin 
linear  microcircuit  devices  tor  inclusion  in  M 1  l.-M-  J8  >  1 0  <"('••net.il  er.  ,  i  - 
f teal  ion  for  Microcircuits")  slash  sheets. 

generally,  "character  izat  ion"  oi  a  device  t  ype  iiu  l.i.Us  -.e.er.il  i.  ted 
tasks : 

•  determination  o l  test  parameters  and  limits 

•  development  of  test  procedures,  compatible  with  automatic  test  .vsieni 

•  verification  of  limits  and  test  circuits  via  sample  device  test  ing,' 
evaluation. 

•  generation  of  detailed  burn-in  and  life  test  circuits 

•  preparation  of  rough  draft  slash  sheets 

A  secondary  objective  of  this  effort  is  to  provide;  tol low-up  support 
for  maintaining  existing  linear  M1L-M- 38510  slash  sheets  to  current  status, 
including  support  to  Home  Air  Development  Center  for  manufacturer  qualiii- 
cation  and  related  activities.. 

All  of  the  characterization  effort  performed  is  guided  by  the.  lundamen- 
tal  objectives  of  the.  JAN  38510  program  -  namely  quality,  reliability,  inter¬ 
changeability,  and  standardization. 

Scope  of  App 1 ied  Effort 

The  specific  tasks  included  in  this  program  are  the  eharaqL.er.izai  ion 
and  spfedific’afibn'of  t he  "fo llowing  device  types/families: 

•  Adjustable  Positive  Voltage  Regulators,  M I L— M—  38 310/117 

•  Adjustable  Negative  Voltage  Regulators,  M £ L— M—  38510/ 1 18 

•  Precision  BiFET  Op  Amps,  (LF153A  etc),  MIL-M- 38510/ 1 14 

•  Multiple  BiFET  Op  Amps  (single,  dual,  quad),  Ml L-M-385 10/ 1 1 9 

•  12-bit  A/D  Converters,  M1L-M-385I0/ 120 

•  12-bit  D/A  Converters,  MIL-M-38510/121 

•  Precision  Voltage  References,  MIL-M- 385 10/ 1 24 

•  Precision  Sample/Holds,  MIL-M- 38510/ 125 

Additional  required  tasks  included  were: 

•  Assess  pending  changes  to  existing  slash  sheets  and  recommend  appro¬ 
priate  action. 

•  Support  RADC  in  the  evaluation  of  manufacturer  qualification  sub¬ 
mittals  „ 
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I  ni  i-r  i  a«.  «.•  with  manuiact  ur^rs  in  deve  lopmvnt  of  now  spots,  or  changes 
Co  oKi'.cing  spots;  attend  10-41  Committee  and  Subcommittee  mootings. 
Comp  lot o  slash  shoots  not  issued  at  completion  of  previous  contract. 


1* rog rani  Scat  us 

The  following  now  slash  shoots  wore  developed  on  this  program; 


Commercial  Device  Type 


o - 


Ml  L-M-  185  10/ l  1  7  ,  Positive  Adjustablt 
Ml  L-M-  385  10/  1  18  ,  Negative  Adjustable  Regulatoi 
Ml L-M- 38 510/119,  Multiple  BiFET  Op  Amps 


MIL-M-38510/ 120,  12-Bit  A/D  Converters 

MIL-M-385 10/ 12 1 ,  12-Bit  D/A  Convertors 
MlL-M-38510/124,  Precision  Voltage  References 
MIL-M-38510/125,  Sample/Hold 


uA78M0,  uA78g ,  LM117H, 
LM117K 

uA7 9MG ,  uA79C,  LM137H, 
LM137K 

TL061 ,  -062,  -064, 
TL071,  072,  074;  uA771, 
-772,  774;  LF151,  -153, 
-147 

MN  5200-5207,  MN5210  - 
5217 

AD562,  H1562 
LM129,  LM199 
LF198 


Three  device  types  were  added  to  an  existing  slash  sheet  also: 


MIL-M-38510/ 114,  BiFET  Op  Amps 


LF155A,  LF156A,  LF157A 


Device  characterization  is  essentially  complete  for  the  above  specifi¬ 
cations  with  the  exception  of  /120  and  /125.  The  A/D  specification  has  been 
issued  in  preliminary  form;  test  hardware  and  software  have  been  developed, 
and  data  is  expected  soon  after  publication  of  this  report.  The  Sample/Hold 
specification  and  characterization  development  is  in  very  early  stages;  a 
Table  1  has  been  prepared,  along  with  test  circuits  and  a  partial  Table  III, 
awaiting  manufacturer  comment.  All  other  specifications  and  characterizations 
listed  above  are  complete  and  include  a  prepared  slash  sheet,  test  adapter 
hardware  and  software,  and  automatic /manual  test  data. 

In  addition  to  the  above  characterizations,  follow-up  tasks  to  previous 
RADC  characterizations  ware  also  included  in  the  current  contract.  This 
effort  included  the  following: 

•  Complete  characterization  of  BiFET  Op  Amps,  /114,  (non-"A"  155  family), 
including  testing  of  68  devices,  generation  of  data  handbook,  and 
negotiations  at  JC-41  Op  Amp  Subcommittee  meeting  in  San  Josfi.  Two 
burn-in  circuits  were  evaluated,  also.  This  is  reported  in  Section 

II  of  this  report, 

•  Reviewed  and  assessed  proposed  changes  to  parameters  and  limits  for 
device  type  01,  (LM109) ,  on  /107,  Positive  Voltage  Regulators.  Two 
manufacturers  requested  changes  via  JC-41  Committee  letter  ballot; 

OF.  approved  the  changes  with  certain  qualifications. 
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•  Reviewed  and  assessed  changes  to  / 1 1  r> ,  Negative  Voltage  Regulators; 

completed  investigation  of  start-up  problems  observed  earlier  at  Cl-  . 
This  item  is  reported  upon  in  Section  _ . 

•  Completed  slash  sheet  for  DAC08,  / 1 1  '3 ,  8-bit  D/A  Converters;  Tables 
III  and  IV  were  added;  corrections/comments  received  from  manufact¬ 
urers  were  incorporated. 

•  Errors  in  / 1 1 2 ,  Quad  Comparators,  pointed  out  by  one  manufacturer 
were  checked  out  and  corrected  at  GE . 

•  A  change  to  the  slew  rate  test  circuit  for  the  118  Op  Amp,  / 10 1 ,  was 
analyzed. 

•  A  slash  sheet  written  by  NASA,  MIL-M- 38510/ 122 ,  High  Slew  Rate  and 
Wide  Band  Op  Amps,  was  reviewed  and  comments  were  submitted  to  RADC, 


Meetings  Attended  (GE  internal  meetings  not  included) 


JC-41  Committee  on  Linear  ICs 
Nov,  1,  2,  1978  -  Phoenix,  AZ 
Feb.  27,  28,  1979  -  Monte rey,  CA 
June  19,  20,  1979  -  Washington,  DC 


JC-41  Subcommittee  Meetings 

Feb.  6,  1979  562  D/A  Converter 

Feb.  7,  1979  5200  A/D  Converter 

May  1,  1979  5200  A/D  Converter 

May  29,  1979  5200  A/D  Converter 

Aug.  14,  1979  CMOS  D/A  Converters 
Aug.  15,  1979  Sample/Holds;  Voltage 
References 


Peabody,  MA 
Peabody,  MV 
Pittsfield,  MA 
Sturbridge,  MA 
San  Jose,  CA 
San  Jose,  CA 


RADC/GE  Meetings 


Sept,  21,  1979 

Contract 

P  Ians 

Pittsfield , 

MA 

Feb.  22,  1979 

Contract 

Status 

Pittsfield, 

MA 

May  2,  1979 

Cont  ract 

Status 

Pittsfield, 

MA 

May  22,  1979 

Contract 

Status 

Rome ,  NY 

Aug.  8,  197  9 

Contract 

Status 

Pittsfield, 

MA 

Backg round 

General  Electric  began  this  effort  in  September  of  1978,  having  previously 
completed  similar  characterization  and  specification  contracts  in  MIL-M- 38510 
Linears  in  1976  and  1977.  Philosophies  for  establishing  parameters,  limits, 
and  test  circuits  for  conventional  devices  like  op  amps,  comparators,  and 
regulators  had  been  negotiated  with  RADC ,  DESC,  and  the  device  manufacturers 
in  meetings  of  the  JC-41  Committee  on  Linear  Integrated  Circuits. 
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Tliis  current  effort  extended  past  efforts  to  newer  devices  in  similar 
generic  families,  and  in  addition  established  new  frontiers  in  the  develop¬ 
ment  of  automatic  tests  and  specifications  for  12-bit  data  converters.  One 
slash  sheet  (/120,  12-bit  A/D  Converters)  represents  the  first  hybrid  micro¬ 
circuit  to  be  specified  in  military  JAN  linears. 

Whereas  in  1976  and  1977  the  JAN  Linear  Program  has  been  "catching  up" 
to  the  state-of-the-art  in  developing  new  specs  for  existing  devices,  it  is 
now  in  some  cases  leading  the  development.  Witness  the  slash  sheet  on  single, 
dual,  quad  BiFET  Op  Amps,  in  which  devices  from  three  major  manufacturers  are 
just  becoming  available  to  users,  and  3-terminal  adjustable  regulators  where 
the  JAN  spec  is  ready  soon  after  the  market  introduction. 

Although  hybrid  A/D  converters  have  been  around  for  awhile,  monolithics 
are  just  reaching  that  goal,  and  manufacturers  are  faced  with  new  challenges 
for  developing  suitable  automatic  tests  for  high  resolution  data  converters. 
Kven  more  ambitious  tasks  are  being  planned  for  the  near  future,  with  analog 
LSI  (video  A/D  converters),  non-linear  companding  DACs,  and  data  acquisition 
devices  in  the  making. 

Development  of  Slash  Sheets 

A  procedure  for  developing  new  slash  sheets  to  MIL-M-38510  has  evolved 
through  negotiations  among  all  concerned  parties.  Device  selection  is 
influenced  by  user  need,  which  is  determined  both  by  the  marketplace  and  by 
organized  committees,  such  as  the  Military  Parts  Control  Group  (MPCAG)  at 
DESC,  the  Gl2  Solid  State  EIA  Device  Committee,  and  the  Microelectronics 
Project  Group  of  the.  Electronics  Systems  Committee  of  AIA.  These  recommend¬ 
ations  are  balanced  with  manufacturer  recommendations  obtained  via  the  JC-41 
Committee.  Devices  having  high  useage,  multiple  application  potential  in 
military  systems,  proven  performance,  and  two  or  more  sources  are  given 
priority.  Single-source  devices  are  acceptable,  especially  for  hybrid  devices, 
although  multiple  sources  are  preferred.  Manufacturers  typically  recommend 
devices  for  slash  sheet  action  in  JC-41  Committees,  and  then  chair  a  JC-41 
Subcommittee  for  preparation  of  slash  sheet  parameters,  limits,  and  test 
circuits. 

The  industry  data  sheet  forms  the  basis  for  the  military  specification. 
Typically,  such  data  sheets  do  not  specify  all  of  the  necessary  parameters 
over  the  military  temperature  range  and  over  the  common-mode  voltage  range. 

The.  JC-41  subcommittee,  or  the  device  originating  company,  usually  prepares 
a  proposed  spec,  ideally,  the  device  manufacturers  would  like  to  have  these 
proposed  specs  incorporated  without  further  consideration.  However,  RADC 
and  General  Electric  experiences  in  this  current  program  have  shown  that  all 
of  the.  proposed  specs  have  required  some  rework,  and  are  unsuitable  for 
issuance  "as  is". 

Data  provides  another  base  for  determining  parameters  and  limits. 

De.vices  for  test  are  purchased  from  distributors,  are  also  obtained  from 
manufacturers  via  RADC  request.  In  some  cases,  the  industry-donated  sample 
is  tested  by  a  single  manufacturer  on  a  volunteer  basis.  The  entire  sample 


is  tested  further  on  a  Tektronix  Si2bl  Automatic  lest  System  at  (.1  nrilnjiie 
Systems  Electronic  Test  Center.  Data  obtained  at  -55  (',  +2  5  (  ,  and  +125  1 
ambient  is  statistically  analyzed  and  reproduced  in  his  toe  ram  lornut  Rei.  - 
ommended  limits  are  compared  to  the  statistical  sample  data  Parameter 
limits  which  are  grossly  inconsistent  with  the  data  are  readily  idem i lied. 

Additions,  changes,  and  alternate  approaches  are  discussed  at  tin 
committee  level.  Device  anomalies  are  identified  in  lab  bench  lists,  01  ten 
using  a  curve  tracer,  Failure  modes  are  also  identified  Fser  caution 
notes  are  added  to  the  specification  if  it  is  deemed  appropriate. 

Burn-in  circuits  are  usually  recommended  by  the  manui act nrer  and  eval¬ 
uated  by  RADC  and/or  CKOS  on  the  available  test  samples.  An  objective  is 
to  minimize  the  number  of  external  components  while  stressing  the  device 
near  its  limits. 

Device  schematics  are  presently  included  in  MII.-M-J8510  stash  sheets, 

A  recent  JC-41  Committee  recommendation  is  to  delete  the  schematics  ami  to 
replace  them  with  a  block  diagram  which  shows  the  basic  elements  oi  1  he 
device,  for  devices  which  are  very  complex  (e  g.  data  converters)  . 

Rough-draft  copies  of  the  final  slash  sheet  are  prepared  at  CKOS  anti 
are  forwarded  to  RADC  for  review,  DI'.SC  distributes  copies  of  this  spec  to 
manufacturers  and  users  tor  final  comments.  Following  assessment  of  the 
comments  by  all  concerned  parties,  DF.SC  prepares  and  issues  the  slash  sheet 

Characterization  Data 

Data  obtained  during  device  characterization  is  usually  published  in 
handbook  form  separate  from  this  document.  Samples  of  the  data  sheets, 
histograms,  and  plots,  are  included  in  this  report,  however. 
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SECTION  II 


Bi-FET  OPERATIONAL  AMPLIFIERS 
MIL-M-38510/114 


2.1  Background  and  Introduction 

The  initial  characterization  work  on  Bi-FET  Op  Amps  was  described  in 
technical  report  RADC-TR-78-275.  This  report  covers  the  completion  of 
the  characterization  studies  on  the  LF155  series  devices  and  also 
includes  the  characterization  of  the  LF155A  precision  series  devices. 
The  relationship  between  the  generic  industry  and  military  device  types 
is  shown  below; 


Generic  Industry 

MIL-M-38510/114 

Type 

Device  Type 

LF155 

01 

LF156 

02 

LF157 

03 

LF155A 

04 

LF156A 

05 

LF157A 

06 

As  the  name  implies,  "Bi-FET"  stands  for  a  mixed  technology  process  in 
which  bipolar  and  field  effect  transistors  are  combined  on  the  same 
monolithic  integrated  circuit.  Standard  bipolar  processing  is  used  to 
make  most  of  the  circuit  elements  except  for  the  top  gate  and  channel 
of  the  J-FETs,  which  depend  on  the  ion  implantation  process.  Fabri¬ 
cating  with  matched  input  J-FETs  which  gives  rise  to  low  offset  voltage 
and  offset  voltage  drift  is  the  big  contribution  of  the  ion  implantation 
process.  Obviously  the  Bi-FET  process  enables  the  best  features  of 
bi-polar  and  J-FET  transistors  to  be  incorporated  into  the  design  of 
the  I.C.  op  amp. 

With  J-FET  input  transistors,  the  input  bias  currents  are  typically 
under  100  pA.  Also,  bandwidth  and  slew  rate  are  not  severely  compromised 
by  low  input  bias  current  as  in  the  case  with  bipolar  transistor  front 
ends  having  low  input  bias  currents. 

A  review  of  linear  device  applications  in  military  systems  as  well  as  a 
JC-41  Committee  priority  list  were  important  factors  in  characterizing 
and  developing  a  slash  sheet  for  this  family  of  devices.  There  are 
seven  semiconductor  manufacturers  making  LF155  series  Bi-FET  op  amps. 
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2.2  Description  of  Device  Types 

A  typical  schematic  circuit  of  a  Bi-FET  op  amp  is  shown  in  Figure  2-1. 
Matched  J-FET  transistors  are  used  for  the  differential  input  gain 
stage,  the  input  current  source  loads  and  the  offset  adjustment  control. 
The  drain  outputs  of  the  input  P-channel  J-FETs  feed  a  differential 
bipolar  transistor  stage.  Signal  conversion  from  differential  to  single 
ended  is  made  at  the  collector  of  Q8.  Since  current  sources  exist  at 
both  the  source  and  drain  terminals  of  the  input  J-FETs,  some  mechanism 
must  also  exist  to  deal  with  the  excess  common  mode  current  which  is 
sourced  from  Ql,  but  not  sunk  by  JlO  and  Jll.  Common  mode  feedback 
from  the  differential  bipolar  stage  current  source  to  the  source  ter¬ 
minals  of  Jl  and  J2  solves  this  problem. 

With  J-FET  input  transistors  the  op  amp  bias  currents  +  IiB,  and  - 
are  much  smaller  than  is  possible  with  bipolar  transistors.  Since 
these  currents  are  leakage  currents,  they  are  ten^erature  sensitive 
and  approximately  double  for  every  10° C  increase  in  temperature.  Low 
noise  and  good  high  frequency  response  are  other  benefits  of  the  J-FET 
front  end  transistors.  The  single  ended  output  signal  from  Q8  and  its 
J3  current  source  load  is  further  amplified  by  the  class  B  output  stage. 
This  output  stage  is  a  little  unusual  in  that  a  J-FET,  J5,  complements 
the  other  bipolar  output  transistors.  Replacing  the  standard  PNP 
output  transistor  with  a  J-FET  increases  the  phase  margin  of  the  device 
and  thus  enhances  the  stability  of  the  device  for  driving  high  capaci¬ 
tance  loads. 

Capacitor  C2  is  the  compensation  capacitor  which  establishes  the 
dominant  pole  from  which  the  open  loop  voltage  gain  is  "rolled-off". 

This  capacitor  therefore  affects  the  unity  gain  bandwidth  and  slew 
rate  of  the  op  amp.  Another  parameter  which  affects  slew  rate  is  the 
operating  current  which  is  available  to  drive  the  compensation  capaci¬ 
tor.  Both  the  operating  current  and  the  compensation  capacitor  are 
variables  which  the  IC  manufacturers  can  control  in  order  to  achieve  a 
desired  speed/power  tradeoff.  Device  types  01,  02  and  03  are  basically 
the  same  device  with  different  values  of  compensating  capacitance  and/ 
or  operating  current.  Consequently,  supply  current,  slew  rate  and 
gain  bandwidth  product  are  the  parameters  which  are  different  between 
the  three  device  types  as  outlined  below: 


Parameter 

E 

01 

evice  ' 
02 

Cype 

03* 

Units 

Supply  Current  (max) 

4 

7 

7 

mA 

Slew  Rate  (min) 

2 

7.5 

30 

V/us 

Gain  Bandwidth  (typ) 
Product 

5 

12 

50 

MHz 

*Device  type  03  is  under  compensated  and  is  not  guaranteed 
to  be  stable  for  closed  loop  gains  under  5  V/V. 


There  are  design  differences  among  the  various  vendor  furnished  LF155 
series  op  amps.  In  order  to  reduce  the  effect  of  temperature  on  input 
bias  current,  one  vendor  has  added  a  bias  current  compensation  circuit 
as  shown  in  Figure  2-2. 
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Figure  2-1.  Typical  Bi-FET  Op  Amp  (LF155/156/157) . 


2.3  Device  Characterization 

Developing  the  tests  for  the  Bi-FET  op  amps  was  done  in  a  manner  simi¬ 
lar  to  previous  quad  op  amp  characterization.  A  test  program  and  an 
adapter  card  were  developed  in  order  to  enable  testing  with  GEOS' 
Tektronix  S-3260  automatic  IC  test  system.  While  the  program  and 
adapter  were  being  developed  several  devices  were  analyzed  on  a 
Tektronix  577  curve  tracer.  This  manual  test  phase  was  good  for  dis¬ 
covering  anomalies  and  possible  automatic  tester  problems. 

A  schematic  diagram  of  the  static  test  circuit  is  shown  in  Figure  2-3. 
All  relays  are  in  the  normal  de-energized  position.  Operation  of  the 
test  circuit  is  straight  forward.  The  device  under  test  (D.U.T)  and 
the  nulling  amplifier  are  cascaded  within  a  closed  loop  gain  of  1000. 
This  is  done  so  that  millivolts  of  error  voltage  with  respect  to  the 
op  amp  input  are  translated  into  volts  D.C.  at  the  nulling  amplifier 
output  to  the  automatic  measurement  system.  The  D.U.T.  output  can  be 
commanded  to  any  voltage  in  its  operating  range  by  applying  the  nega¬ 
tive  of  the  desired  voltage  to  terminal  4.  When  the  non- inverting 
input  to  the  nulling  amplifier  is  at  zero  volts,  the  loop  has  stabi¬ 
lized  and  the  correct  output  can  be  measured.  Tests  which  require 
the  D.U.T.  to  be  exercised  over  the  common  mode  range  are  mechanized 
by  swinging  the  power  supplies  and  commanding  the  D.U.T.  output,  while 
grounding  the  D.U.T.  inputs  through  50  ohms.  The  basic  measurement 
performed  by  the  static  test  circuit  is  V^0  or  offset  voltage.  Most 
of  the  other  parameters  are  derived  from  this  basic  measurement.  A 
schedule  of  parameters,  test  conditions  and  equations  is  shown  in 
Table  2-1. 

Because  Bi-FET  bias  current  can  increase  by  a  factor  of  1000  in  going 
from  25° C  to  125° C,  it  is  necessary  to  change  the  input  sensing  re¬ 
sistors  from  5  Ma  to  100  Kj\  .  Relay  K8  is  programmed  for  the  high 
temperature  measurement  in  order  to  cause  the  resistor  value  to  change. 

Although  slew  rate  is  not  a  static  test,  it  was  tested  automatically 
with  the  parameters  listed  in  Table  2-1.  The  test  circuit  for  slew 
rate  and  transient  response  is  shown  in  Figure  2-4.  It  is  an  easy 
matter  to  incorporate  this  circuit  into  the  Figure  2-3  test  circuit, 
however,  care  must  be  taken  in  routing  the  connections  to  the  op  amp 
inputs.  Table  2-2  shows  the  test  conditions  and  equations  for  slew 
rate  and  transient  response.  Because  of  limitations  with  the  S-326'0 
measurement  system  it  was  not  possible  to  measure  noise  and  transient 
response  automatically  with  the  other  op  amp  parameters.  Bench  set  ups 
had  to  be  used  for  these  measurements. 

Another  parameter  which  had  to  be  tested  manually  using  the  circuit  in 
Figure  2-5  is  settling  time. 

The  op  amp  test  adapter  is  shown  in  Figure  2-6. 
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NOTES: 

1.  All  resistors  are  +0.1%  tolerance  and  all  capacitors  are  +10%,  tolerance 
unless  otherwise  specified. 

2.  Precautions  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during  insertion 
into  socket  and  chanoe  of  state  of  relays  (i.e.  disable  voltage  supplies, 
current  limit  ♦  Vcc,  etc). 

3.  Compensation  capacitors  should  be  added  as  required  for  test  circuit  stability. 

Two  general  methods  for  stability  compensation  exist.  One  method  is  with  a 
capacitor  for  nulling  amp  feed  back.  The  other  method  Is  with  a  capacitor  in 
parallel  with  the  49.9  kn  closed  loop  feedback  resistor.  Both  methods  should 

not  be  used  simultaneously.  Proper  wiring  procedures  shall  be  followed  to  prevent 
unwanted  coupling  and  oscillations, etc.  Loop  response  and  setting  time  shaTl 
be  consistent  with  the  test  rate  such  that  any  value  has  settled  for  at  least  5  loop 
time  constants  before  the  value  is  measured. 

4.  Adequate  settling  time  should  be  allowed  such  that  each  parameter  has  settled 
to  within  5%  of  its  final  value. 

5.  All  relays  are  shown  in  the  normal  de-energized  state. 

6.  The  nulling  amplifier  shall  be  a  M3C5 1 0/1 01 01 XXX .  Saturation  of  the  nulling 
amplifier  is  not  allowed  on  tests  where  the  E  (pin  5)  value  is  measured  . 

7.  The  load  resistors  205CH1  and  11.1  kfl  yield  effective  load  resistances  of 
2  kn  and  10  kf!  respectively. 

8.  Any  oscillation  greater  than  300  mV  in  amplitude  (peak-to-peak)  shall  be  cause 
for  device  fa  1  lure. 


Figure  2-3.  Test  Circuit  For  Static  j.ests 
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Table  2-1. 


Test  Table  For  Static  Tests. 


(cont  *d. ) 
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6/  Broadband  noise  NI (BB)  shall  be  measured  using  an  R>5  voltmeter  with  a  bandwidth  of  10  H?  to 
~~  5  kHz.  "Popcorn'*  noise  NI  (PC)  shall  be  measured  for  15  seconds. 


NOTES: 

1.  Resistors  are  >1.0*  tolerance  and  capacitors  are  *10*  tolerance. 

2.  This  capacitance  includes  the  actual  measured  value  with  stray  and  wire  capacitance. 

3.  Precautions  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during  insertion  into 
socket  and  in  applyinq  power. 

4.  Pulse  input  and  output  characteristics  are  shown  on  the  next  page. 


Figure  2-4.  Test  Circuit  For  Transient  Response  and  Slew  Rate. 


'  I  -  1  l 


l 


DEVICE  TYPE 
'  03  , 

>  250  ' - 

1  225  - 

! 

i » -  - 

3  o1 - 


DEVICE  TYPES 


TIME  (ns) 


(TRANSIENT  RESPONSE) 


Parameter 

symbol 

Device 

type 

Input  pulse 
signal  @  tr  <  50  ns 

Output  pulse 
signal 

Equation 

EBSH 

all 

+50  mV 

Waveform  1 

TR  (tj  *  At 

TR  (cs) 

all 

+50  mV 

Waveform  1 

TK(os)  -  100  (AVo/Vo) 

SR  (+) 

01.02 

-5  V  to  +5  V  step 

Waveform  2 

sr(+)  *  AV°(+Vat(+) 

HHie'STmnwema 

HH 

Errmn 

sr(.)  .  AV°t-Vat(-) 

53 

-1  V  to  +1  V  step  ; 

Table  2-2.  Test  Table  For  Transient  Bssponse  and  Slew  Rate. 
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♦  Vcc  15  v 


NOTES: 

1.  Resistor1;  are  *1.0'  and  capacitors  are  *  10v  unless  otnerwise  specified. 

2.  Precaution  s^ia  1 1  be  taken  to  prevent  damaoe  to  the  D.U.T.  durinq  insertion 

into  socket  and  in  applyinq  power. 

3.  For  device  types  01  and  0?,  SI  is  open,  A V  «  -1  and  Vjf  -  10  V. 

4.  For  device  type  03,  SI  is  closed,  A V  -  S  and  -  2  V. 

5.  Settling  time  t  ,  measured  on  pin  5,  is  the  interval  during  which  the  sunninq 
node  is  not  nulled. 


Figure.  2-5.  Test  Circuit  For  Sett  ling  T  imo. 


1 


1  1-1  J 


Figure  2-6.  Bi-FET  op  amp  test  adapter. 
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2.  •  I  abu  la  l  ion  of  li-st  Data 

Shown  bo  low  is  a  list  ol  typos  and  quantities  of  devices  which  were 
s  bmitted  by  tin  l.f.  manu  1  ac t lire r s  for  characterization  testing. 


Dt1  v  i  c  e 
Type 

Manu lav t  urers 

Quant  i  ty 

155 

F,  S 

24 

1  56 

F,  S,  A 

24 

157 

S ,  A ,  N 

24 

1  55A 

N,  P 

9 

156A 

N,  P,  I 

64 

1  57A 

P 

20 

355 

T 

9 

Total 

204 

F  =  Fairchild 
S  =  Signetics 
A  =  AMD 
N  =  National 
P  =  P.K.l. 

1  =  Intersil 
T  =  Texas  Instruments 


The  devices  were  tested  in  two  groups  with  the  distinction  being 
A ' s  or  non-A's.  The  non-A's  were  tested  first.  Improved  limits  on  offset 
voltage,  and  slew  rate  are  the  essential  differences  between  the 

two  groups.  Within  each  group  the  155’s,  156's  and  157  's  have  identical 
limits  except  for  supply  current,  transient  response  and  slew  rate.  Also, 
the  157  is  an  undercompensated  device  for  use  in  wideband  applications  with 
a  minimum  closed  loop  gain  of  5V/V. 

The  355  devices  were  tested  with  the  precision  A  parts,  but  the  data 
was  not  statistically  grouped  with  those  devices. 

A  typical  data  sheet  of  an  LF155  op  amp  in  the  first  group  of  testing 
is  shown  in  Table  2-3.  All  of  the  data  is  within  the  initial  JC-41  committee 
recommended  limits,  unless  an  asterisk  (*)  is  displayed  adjacent  to  the 
measured  value.  For  this  group,  the  data  at  all  three  temperatures 
(-55''C,  25"C  and  125°C)  is  shown  on  a  single  table. 

On  the  second  group  of  devices  (LF155A  series),  it  was  decided  to 
change  the  format  so  that  the  data  of  up  to  ten  devices  could  be  displayed 
on  a  single  sheet.  Table  2-4  shows  this  scheme  for  different  devices  at  a 
single  temperature.  With  this  method  it  is  easier  to  make  device-to-device 
comparisons  and  to  check  for  common  peculiarities,  etc. 
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A  third  form  of  data  common  to  both  groups  of  devices  are  histograms. 
Figure  2-7  shows  a  histogram  of  offset  voltage  Vie  at  zero  common  mode 
voltage  and  25°C  for  all  of  the  devices  in  group  2.  The  raw  data  is  too 
extensive  for  inclusion  in  this  report,  since  each  test  group  contains  114 
histograms  and  over  30  individual  data  sheets.  Besides  showing  the  data 
elements  v.s.  frequency  of  occurence,  the  histograms  also  display  the 
initial  JC-41  parameter  limits.  Direct  comparisons  of  the  data  to  the 
proposed  limits  are  useful  in  determining  the  relative  test  yields  of  the 
devices.  The  raw  data  was  presented  to  industry  representatives  in  two 
reports  as  follows: 

1 .  Characterization  Data  for  M1L-M-38510/ 1 14  Bi-FET  Op  Amps  (Commercial 
Types  LF155 ,  LF156.  and  LF157)  (21  November  1978). 

2.  Characterization  Data  for  MIL-M-38510/ 114  Bi-FET  Op  Amps  (Commercial 
Types  LF155A,  LF156A,  and  LF157A)  (16  April  1979). 

Within  the  static  test  parameters,  the  measurement  and  characteriza¬ 
tion  of  input  bias  current  was  the  most  difficult.  Figures  2-8,  2-9  and 
2-10  show  how  input  bias  current  varies  typically  with  common  mode  voltage, 
supply  voltage  and  manufacturer.  These  figures  were  observed  with  a 
Tektronix  Type  577  curve  tracer.  Figure  2-11  shows  a  similar  bias  current 
curve  that  was  generated  using  the  S-3260  with  the  op  amp  adapter. 

Increasing  temperature  can  also  cause  an  increase  in  input  bias  current  as 
shown  in  Figures  2-12  and  2-13.  The  effect  of  common  mode  voltage  on 
offset  voltage  is  shown  in  figures  2-14  and  2-15.  Figures  2-16  and  2-17 
show  typical  small  signal  transient  response  waveforms  of  the  LF155,  LF156 
and  LF157.  The  effect  of  closed  loop  gain  on  the  LF157  response  is  also  shown. 

Typical  slew  rate  response  for  all  device  types  is  shown  in  figures 
2-18  and  2-19.  Settling  time  waveforms  are  shown  in  figure  2-20.  Curve 
tracer  displays  of  gain  and  noise  are  shown  in  figures  2-21  and  2-22. 

Tables  2-5  to  2-10  are  statistical  data  summaries  of  the  LF155  and 
LF155A  series  devices  at  -55° C,  25°C  and  125° C.  These  tables  are  useful 
in  showing  parameter  yields  to  the  initial  specification  limits. 

Tables  2-11  and  2-12  show  the  distribution  of  data  for  most  of  the 
parameters  in  a  cryptic  histogram  form. 

Manual  test  methods  were  used  to  generate  the  dynamic  data  of  the  dif¬ 
ference  device  types  as  shown  in  Tables  2-13,  2-14  and  2-15. 


1 1-16 


t  ?  222222  SS 

i  12123  ms  ms  ssss  ss  s  22  2;  22  nizll  ^ 


sms*  MM  MM  MM  is  1  i;  ss  v**  ******  M 

R  8XSS  SSSS  SSSS  ®®  ®  Soo  ®2  tu)  S282 

X  111 


»•••«•  •< 


«**.**» 

.»»» 

M  MM  M 
Cfc  **00  ~4 

MM  MM 
-«  T  —  00 

w 

«- AJ 

•  r- 

in  »- 

oa  qi  m  in 

.* . . . 

t-  »»«n  »  * 

g  ru  n  ® 

fv  .  .  . 

0)  •  •  * 

IA  T 

cm 

uinffunf 

m  « 

«n®  in  r  nj 

•  «**A1 

.4-400 

W*  M 

ri  ▼ 

1AU 3 

OOO0OON 

•# 

iun«- 

fv  W4  *4  — 

r*  (VJ  -<  r* 

m*  H 

& 

H  •* 

— 1  •* 

wr> 

0»n®fu^» 

r»*  fij 

8  c 

a 


i«  sis*  **ss  ssss 

!••••#  9  9  9®  9  9  9® 

0101010400  AJOflJAl  *4*«»i** 

*J  I  I  I  I  I  till  till 


9  9  9® 

I  1  I  I 


u 


<0®UI®  lAWmino 
« ru  ^  nj  aiajajaj- 


SI 

ft)  tv 


D 

O 

r 


a»  ~$$S$ 

ai  1  .  .  .  . 

•*  !'  * 


s*si  **« 

Aivwaj  4*ai~*o  -ifu^n 


st  s  ^s  t^  ss  ssssss  ss 

•  9  •  *9  «  •  9  U>  9  U->  * .  •  • 

99  9  woo  ®<6  *in  r\j  —  ru  — •  ®9®®9®  #  ® 

1  1  1 


o 

°s 


>«nC*®m 

10  •inin 

M 

(\)^nfl0 

u 

*<4  4*  ▼  • 

.  .  r* 

®m 

u>ru 

®  *4 

en  m  <v  00 

*»-  n®  *-n 

♦  oo  •  . 

'•  •  * 

r-  tv  •  n 

•  oo 

•  ®in< 

•  ▼  u>  ♦ 

.<*00 

•  *<0® 

-  •  in 

n  ♦ 

♦«/> 

cacoonA 

•  ®  •' 

♦ 

-«4*^  Up 

uj  «^<4  *-• 

♦-i 

ru  Aj 

n  » 

*4*4*4 

o»Xi 


£»®*® 

®  ••• 

•  ® 

® 

®® 

•  ® 

•  ® 

9  #  ®  • 

ft 

^•••® 

•  •  •  •  • 

®s®® 

SSSS 

ssss 

inm 

in 

®  • 
*® 

•® 

®  • 

•  ® 

in®in® 

«®  o»®  ®® 

#• 

ototo 

4-0  1  1  1  1 

(Ut  AIM 
till 

till 

*4f4*1*4 

till 

»» 

00 

00  A) 

) 

10® 

1 

®« 

»4  (u  *-4  ru 
(  1 

inininin^  — 

wm 

••  •  •  •  •  •! 

MAtniomr 

m>  x 

tn 


rsss"? 


ssss 

®*  ®9® 

SSSS 

®99® 

ss 

9® 

• 

9 

® 

®  ® 

•  ® 
®  * 

AJ  00 

1 

®® 
®  • 

•  ® 
®9 

ss 

9  A* 

®®®9 

®  ®  ®  in 
ai-^aj*- 
t  1 

999®®® 

999® 9® 

9® 

9® 

•  ® 

®9®  ® 
®  ®9® 

®  ®  ®  ® 

SSSS 
®  ••• 

9  AJ 
Al  «-t 

•«  4-4 

m 

Ot 

®  n 

CAT 

r»ou 

AJAJ 

on 

0110 

’T  in 

▼  in 

run®® 

°°22Ci 

•  •SS  . 

m®  inm®  ® 

■  t 

Al 

2 

i 

a 


o 

H 

:> 


a  ssssss  ssss  ssss  ssss 


* 

©ft 

©£ 

2* 

?f 

a* 


d?t  t 

tiuiino 
1  n  1  1/11/1 
*1  '  » a* 
D  * 
U3«:c 
nut  AJinO 
Of 

►  ►t-hlfc 

urea 

0000  v 
1  t««o 

00003 

MMH  w  I 

33300 


iAUHVtt 
1  n  1  ru 


®  ® 

• 

®  9 
«  • 

9® 

>  ® 

9® 
«  9 

999® 

SS 

in  in 

m 

•  ® 

®  • 

®®  in® 

in  o»  in  m®  ® 

•  • 

9 

cow 

10  9 

9  9 

•4  Ai^AI 

AJ  AJ  Al  AJ  •*  «* 

AIM 

odJo  ooio 

1A  (A  Al  0>  lAtftAJlA 
1  n  1  ft)  1  n  1  aj 


33 
•  ® 

W  AJ 


^  l  -  \ 

3  *5  4 

3  *3  • 

9  9 

\  • 

3  *3  « 

mo  ®  d 

in  !3  9  3 

Ai  - 

3 

l«3«3 

mnnim 

not  win 

kaaa 

n  in  aj  in 

1  1 

3  O 

9 

Al 

1 

9® 

Al  A) 

1- 

«««  « 

«<«< 

«<ia« 

9® 

-  Al 

3* 

9 

»-f- 
<X  9 

*4  ^  ^  ^ 

cccc 

cccc 

1-  ♦- 

Al 

-4  ^4 

cccc 

0000 

0000 

«  « 

♦  1 

0000 

1  4  ®  ♦ 

I  ♦  ®  ♦ 

K 

1  ♦  9  ♦ 

ft  fit 

« 

OO 

A  A  •  A 

AM  A  A 

ft  ft 

OO 

OOOO 

HMMM 

►-4  »-4  *-4  *-4 

NMWM 

WHP4N 

mhhh 

S2 

2 

9  9 

t  1 

HHHN 

♦  ♦  ♦  ♦ 

1  1  1  1 

T  1 

O 

3  3 

3  3 
IAIA 


33 
1/1  if) 


<A0» 

OO 


*s 

•  • 

MW  -l-J 
99WWKK 
•4HAIAI  *  » 
tint  »  •  •  »33 
-  JJJJUim 

- aaococ  1  • 

ftfta* 

««  ««IA* 

«  «  «  a 

♦  14  1  «« 


22 

— - — 

( I 

3  3 
at® 

~ru 


o 

o 


c 

»♦ 

•i 

X 


I  I  — 


s§ 


*-* >“•  *"4*-<  ♦  I 


09  J<na>v>vna>  . 

I?  222222  SS  2 


•"  t  * 

^  a  5 

4  i  £ 


Table  2-3  Typical  LFlbb  op  Amp  Data  Sheet 


IT-17 


H-riT  ONENNTIONNl  MNUPXCM  -  ItfD  i  TENNEMTUSEi  *tf  DIO  C  j  •<  AM  T9  14I4SUS 

NMNNETES  LO-lIH  Vendor  Code  A  mi-un  unit 


* 

12223 

tun 

mmmm  a 


«ff  ffff 

•  •*  •  • 

sfss 


5222 

■t . . 

r:: 

•»  n  «  n 


..  .  „  fflH!  W  22 

'OH  H  CC  CC  If 

ss  i  r  st  r***  mss:  ts  mt 

•  .  ••  •  •  fMAfUt  ••••••  •  • 

aa  ®  aa  fifl  mmMm  aaaaaa  aa 


C|CC 

•  St  • 


It 

K 

•  •  M  ft 

MMiOf 

V 

Miu^r- 

m  . 

40# 

Dm 

▼  40m  ^ 

# 

82 

A  m  CD  • 

in#  «n 

•  IS  •  * 
IS  •  W(\J 

,«s  .  . 

40  •r-gj 

#ru 

M  ^ 

oi 

#• 

▼  00 

co  oo  oo  r- 

5 

4S# 

0|M«M 

m  m  n  oo 

M  M 

<*» 

(UIU 

ri  n 

MMMM 

04 

XX  •  •  •  ts  % 

•  Moo  — r-  oi  •  «  * 

•  *OM0  -  A  Mt 
rt  — uivto  p*  h  tun 


)«OMf  M  • 
itsii  mm 


M  •▼▼  MttAP* 


M&m  • 


SXSSS  •»“!?  T 

•  •  •  •  •  n  -am  a 

mmmm®  moihiu  ▼ 
i  i  i  i 

MM  M  M 


#Mnv  a 

oi  •  •  •  • 


*  P«2« 

ammaa 

•  •  •  T 


_  ItMPOf 
•  tiunoi 

nnnno 

III! 


Ktt 

•  •  • 

it  riH«-.  • 


;xs?* 


maam 

i  i 


mmmm 

•  •  P*  • 


M 

•ntn 
•  •  •  • 
t(VO» 
MA|m«4 
I 


sins*  *~»s 

•  •  •  •  *(||#  • 


««««n 
•  « 


N  •«« 
•If  MIS 

m3  •  • 


(III 

***** 

MNMfllt 

I  I  I  I 


OtNM 

I  I  I  I 


MIS  •  • 

46  W  *A 

A® 

. 

•  . 

f^# 

•  »  »  . 

A# A### 

m  • 

.  • 

.  .  r-  m 

•  •  MftJ 

M® 

A 

A  A 

MMMP. 

•#  •### 

•  m 

nv 

t-nt 

40  M  46  M 

m  ru 

A 

1 

nj  ri 

1  1 

mmmAAA 

AM 

M  M 

1 

M  >Q  . 

M  .4 OA 

m 

mr- 

®  M 

▼  A  A  A 

M  IV 

An 

•t  •  ▼ 

• » O  •  • 

▼  uj 

A  M 

•  ®®  ci^r- 

isioriM 

n  ▼  ▼  m 

M® 

ru 

M® 

A  AC-  A 

A  ®  A  P-  m  A 

Am 

r>  v 

▼  F>  oom 

(UNtfOt 

A 

nj  ru 

i 

m  ▼ 

1  1 

P“  m  p-  ru  m  m 

m  IQ 

i 

w 

WWW 

soon 

M 

▼  A 

▼  A 

A  A  mv 

#•#••• 

▼  A 

mM 

•  w  •  • 

A  A 

• 

r-  m 

A®®#®# 

A  • 

M  •  Cl  40 

.  .  n  ® 

®  ® 

▼ 

®® 

00  00  Ap. 

•®  •#A# 

•A 

nv 

m  m  C|  00 

mmOA 

A 

ru  ru 

m  ▼ 

1  1 

MMM AmA 

P  M 

M  M 
• 

MfciO  A 

•  Pni  • 

▼  m 

M  A 

▼  ▼mM 

.  .« 

fcl® 

An 

♦  n  •  • 

40  ▼  •  ▼ 

rur^ 

mr- 

«... 

A®# AHM 

A  • 

is  •  n  is 

.  .M® 

m® 

A 

c*  r* 

•  #  •  fU  A  • 

•A 

nt 

MMYOi 

40  m  40  m 

M  M 

A 

M  M 

1 

mm 

MMMM 

1  1 

MMM VMM 

r-  m 

MM 

1 

w 

4SP-A  • 

•oKnj  • 

A  P* 

®  r^ 

▼  Amm 

m . . . 

An 

An 

.M  .00 

•  ru  .a 

00  46 

ru 

m-t 

•  «  »  • 

A  • 

•  • 

▼  •  40  M 

M  •  40  M 

®  ® 

® 

®  A 

A  A  HP- 

•  •  •  A®  ® 

•  M 

nv 

40*4  00  M 

m  Mf^  M 

M  M 

ru  m 

i 

MM 

1  1 

mmmp- am 

« ru 

M  M 

1 

M 

w 

OtWH 

Mnftin 

•  . 

a  ru 

dm 

V  A  MM 

A®®  •  •  • 

MA 

MM 

•  •  •  • 

A  A 

— i 

•  • 

M  A 

p.®  •  A  A  ® 

A  • 

(0  •  M  ▼ 

40  •»• 

®  ® 

M 

M  M 

oo  oo  a  r* 

•  •  A  M  ▼  ® 

•  m 

r>  v 

OJ  M^  fv 

M  M  ▼  A 

M  M 

turu 

i 

mm 

MMMM 

1  1 

M  A  m  V  MV 

AM 

M  M 

1 

n  .«ft  . 

A  •  CU  A 

n 

A  ▼ 

▼  A®  A 

W  W  V 

Sts  .  -  • 

An 

mM 

•  M  *n 

moo  •  • 

MOO 

MA 

.  •  •  a 

®  A  A  #p-  • 

A  • 

nJwt 

•  r*-  m  ▼ 

M® 

HAMA 

•  •  •  ®  A  # 

•  M 

n  v 

OMP-m 

AM  A  A 

M  M 

A 

MM 

i 

mm 

MMMM 

1  1 

mmmAIUV 

AM 

MM 

1 

<•*  — r- 

ojSd  m 

A  A 

AM 

▼  AM  v 

*2S  . . . 

A  A 

MM 

•t  •  • 

•40  •  • 

®  ru 

® 

m  A 

A  • 

▼  n«Sm 

nj  *  40  40 

Mtu 

® 

04  oi 

00  00  001^ 

•A  ••## 

•▼ 

nt 

MMtOl 

MM*» 

M  M 

M 

M  M 

1 

mm 

MMMM 

I  1 

P4mmAAA 

Am 

i 

w 

4<WW 

I0tt  • 

▼  ®M  . 

*  • 

P* 

®P* 

m  a 

▼  A  M  ▼ 

Sts  •  •  • 

▼  ru 

An 

ISIS  •  00 

••A  •  40 

.r*  ® 

M  A 

A  ®  ®  ®  P-  # 

M  • 

.1  •«<« 

•  »Am 

M  M 

A 

A  A 

A  AMP- 

•  •  •  #  A  • 

•A 

nv 

49-W- 

Am  AM 

1 

M  M 

A 

M  M 

1 

mm 

M  M  M  M 

1  1 

Mmm am A 

P-  M 

MM 

• 

a  •  «  • 

®  ® 

® 

®  ® 

®  ® 

ssss 

ff 

*A 

*::: 

ms 

A  A 

A 

•  ® 
®  • 

•  # 

40®  A® 

A  A 

A  • 
•A 

MMMM 

MMMM 

AM 

A 

A  ® 

®# 

mMmM 

A  A  A 16  m  m 

pin 

MM 

iiL8 

i  n  « lots 
•  i  *ii 

Kills 


00003 

MMMM  I 

33330 


SSj^S  Xw  •• 

aumu  i  m  i  M  i  m  \  m  33  mm  mm 

inifi  *1  «l  <1  41  33  40  iO  II  33  II 

*1  «•  3  *3  «  3  0*  to  H»«  ww  JJ  ii  »  • 

3  *3  •  M3t3  iodad  Mm  d  1  1  33  ##mm*«  MM  33 

S3f3  nioMio  nioruio  11  ®  44  10#  ww  HMAiii  »  .  11  aa 

MAMA  *  •»  ru  >3  HlU  Ctyw  •  1  1  >33  4  *  MM 

►  3  3  I  4040  I  I  55 

tttt  <t€<  ««««  OO  *  H»4  .  4  III!  KOKO  I  «  ••  tt 

«<<  -•  ru  d  -J  4  •  MM  « 

Z  —  ~~~~  A  •-*-  40#  QCOCQCQC  H»-ht33 

2222  cccc  t-»-  m  ««  hn  ,  .  ««#«umo  ?** 

KCEC  OOOO  OOOO  ««  hhKh  ««  ♦! 

ouy v  1  1  ♦  •  ♦  h  ~ ~  Hi-  <<<<  ««««»-►.  w w 

^www  wwww  aot  a  ♦  1  a  a  ♦  1  ♦  1  ««  ~~  15 

•222  MMMM  MMMM  ft  5  -  ft.  a  &  ft  ~  w  >n  ~  +  t  DO 

OOOO  svmmiv  mmmm  </HO  QC  VMO  OU  OOOO  A  <04040  U4  A  «  < 

MMMM  MMMM  MMMM  ft.  Q.  £  O  O  OO  5555  333333  K  at  I  I 

MMMM  ♦  ♦  ♦  ♦  I  I  I  I  ♦  I  O  MM  MM  ♦  I  ♦  I  ««««<«  MIS  33 


3393 

IAIOMIO 

inui 

•  I  4  | 

3  *3  • 
IOO#3 

nioruio 


5555 


cccc 

OOOO 
I  ♦  •  ♦ 


05  ««M  MM 

3  3  4040  I  I  55  II 

tt  MM  WW  JJ  A#  %  • 

Mm  o  I (  05  ifKWKK  MM  55 

II  O  4  4  40#  MW  mmMM  4*  II  •• 

4  4  ru  >0  MM  Ctww  •  ■  •  *33  4  4  MM 

OO  I  4040  l  I  mmMM  -J-l-J-JkOiO  55 

St  4  MM  .4  till  Of  QC  K  QC  I  I  A#  tt 

M(V>  O  33  -I-J-I  -J  4  4  MIU  « 

#  *-*-  40#  QC  QC  QC  QC  *-*-»-t-30 

4-4-  (U  <1  <t  mM  ««#«ISIS  -4m 

««  hl-Kh  ««  ♦  I 

4-  ~  -  HI-  <<[<<  ««««»-►.  -w 

age  «  ♦  1  ««  _ s  1  ♦  1  ««  ~~ 

ocS  w  -  ft. a. a. a.  ♦  t  qq 


Table  2-4  Typical  LF155A  Op  Amp  Data  Sheet 
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UALUE  AT  4  FROM  ALLLOU . LOG : AMP  03: 11  M2  05  A 
UIO(0CM)  AT  20U,-20U  DEUICE  TVPES  155A,  156A,  157A 

-2.000  2.000 


DISPLAY 

LOU  UALUE  •  -4.335000  HIGH  UALUE  -  3.235000  SAMPLES 

TOTAL 

LOU  UALUE  -  -13.05000  HIGH  UALUE  -  14.25000  SAMPLES 


Cd  160  pA/cm  +1  (a  160  pA/cm 


Vcm  (3  AV/cm 

Figure  2-8  Bi-FET  input  Bias  Current  vs.  Common  Mode  Voltage 


1 1  -20 


V  cm  (d  4V  /  cm 

Figure  2-9  Bi-FCT  Input  Bias  Current  vs.  Common  Mode  Voltage 


IT-21 


Vcm  'a  5v/ cm 

LF155  Bias  Current  irom  30°C  to  80”C 


V'cm  ra  ^V/cm 

LF135  Bias  Current  from  30"C  to  125nC 


1120  pA 
0  j  Vcm  = 


5.2  nA 

»  vcm 


Figure  2-12  Bi-IT.T  Input  Bias  Current  vs.  Temperature 


Figure  2-13.  Worst  case  input  Bias  current  vs.  Ambient  Temperature 
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OFFSET  VOLTAGE  (mv) 
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Figure  2-15.  Offset  Voltage  vs  Oommon  Mode  Voltage. 
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!  yp  ica  1  LI'155 
TR  (tr)  =  bO  ns 
iR  (OS)  =  34' 

GBW  =  5.8  MHz 
Av  =  1  V/V 

TR  (tr)  x  OBW  =  .348 


Typical  LF156A 
TR  (tr)  =  40  ns 
TR  (OS)  =  38/ 

GBW  =  7  MHz 
ky  =  1  V/V 

TR  (tr)  x  GBW  =  .350 


500  ns /cm 

1-1135  slew  races  v-  AV  =  1  V/V 


500  ns /cm 


OF  156  slew  races  (•>  AV  =  1V/V 


SR(+)  -  4.7  V’/us 
SR(-)  -  10  V/us 

(Sr  =  v/.-i  ra 

V  l rum  -2.5  V 
co  +  2.5  V) 


SR(+)  =  14.3  V/us 
SR(-)  =  33.3  V/us 
(SR  =  V/  ATI? 

V  from  -2.5  V  to 
+  2.5  V) 


Figure  2-18.  LF155  and  LF156  slew  Rates 


LI'  I  57  slew  rates  ;d  A  V  =  1  V/V 


2V 


2V 


I  I  I ‘>7  slew  rates  id  A V  =  5  V/V 


i  ^>>re  2-19.  LI  1 57  S  lew  Rate  vs  Gain- 


SR(+)  -  40  v/us 
SR(-)  =  50  V/us 
(SR  =  A  V/  T  <a 
V  from  -  2.5  V 
to  +  2.5  V) 


SR(+)  -  33  V/us 
SR(-)  =  50  V/us 
(SR  =  V/^  T  @ 

V  from  -  2.5  V 
to  +  2.5  V) 


Nu  1 1 
Krror 

(3  20  mV  /cm 

Vj  (^2  v/cm 


maul 


!.:  1 :  5A 
S/N  112 
ts  =  750  ns 

A.V  =  1  V/V 
Vin  =  5  V 


Time  (5  500  ns /cm 


Figure  2-20.  LF155  Series  Bi-FFT  Settling  Time, 
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Figure  2-21.  Open  Loop  Voltage  Lain  vs  Load. 
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Table  2-5.  25°C  Statistical  Summary  ’or  LF155  Series  Devices. 
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labLe  2-7.  125#C  Statistical  Sunmary  For  LFL55  Series  Devices. 
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Table  2-8.  25°C  Statistical  Summary  For  LF155A  series  Devices 
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Table  2-9.  -55°C  Statistical  Summary  For  LF155A  Series  Devices 


LF 155/6/7  PARAMETER  DISTRIBUTIONS  b  LIMITS 


OFFSET  VOLTAGE  @  25°C 
OFFSET  VOLTAGE  @  -55/125°C 
AViq/AT  @  25/-55°C 
AVio/AT  &  25/125°C 
OFFSET  CURRENT  @  25°C 

OFFSET  CURRENT  @  125°C 


IIB  BIAS  CURRENT  §  25°C 
IIB  BIAS  CURRENT  @  125°C 
+  PSRR,  -PSRR  S  — 55/125°C 
CMR  g  — 55/125°C 


VIO  ADJ  (  + )  g  — 55/125°C 
VIO  ADJ  (-)  g  — 55/125°C 


Table  2  —  1 1 „  LF155/6/7  Data  Distributions. 
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LF  155/6/7  PARAMETER  DISTRIBUTIONS  b  LIMITS 


IOS  ( + )  CURRENT  @  25°C 
IOS  (-)  CURRENT  @  25°C 
+  VOP  SWING  §2Kn,  -55/125°C 
-VOP  SWING  @  2Kn,  -55/125°C 


,25 


60 

(V) 


+  AVS  GAIN  @  10Kn,  — 55/125°C 
-AVS  GAIN  <§  10Kn.  -55/125°C 


\WM  IV/mV)  WM  g^30K 

1 25 _ 

[  1.5K^(V/mV)^^^15K 


Table  2-11.  LF 155/6/7  Data  Distributions  (cont.). 
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SUPPLY  CURRENT  vs  DEVICE  TYPE@  ±VCC  =  ±15V 


LF155 

(20  DEVICES) 

I25"C  MM  \  1 

!  01  MAX  LIMIT 

LF  156 

(23  DEVICES) 

BISkiMNH 

LF  157 

(19  DEVICES) 

■BBH 

t - 1 - 1 - - 1 - r 


0  2  4  6  8  10  12 

SUPPLY  CURRENT  (mA) 


SLEW  RATE  RANGE  vs  DEVICE  TYPE 


LF155 

@25°C 

!  HI  SR  (  +  ) 

1  Av  =  1V/V 

!  W////////A  SR(-) 

i  01  MIN.  LIMIT 

LF  156 
@25°C 

Ay  =  5V/V 

- - - 

sr 

03  MIN  LIMIT 

0  10  20  30  40  50  60  70  80  90 

SLEW  RATE  (V/n  S) 


Table  2-12,  LF l 55/6/7  Supply  Current  &  Slew  Rate  vs  Device  Type. 
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TABLE  2-14.  LF1S6  Dynamic  Data  (3  25°C 


VENDOR  CODE  D  VENDOR  CODE  C  VENDOR  CODE 

Serial  No.  Serial  No.  Serial  No. 


2.5  Discussion 

On  a  parameter  by  parameter  basis,  a  discussion  of  the  device  charac¬ 
teristics  follows: 

2.5.1  Input  Offset  Voltage  (V ^q) 

LFl 55/ 1 56/ 1 57  Family 

This  family  of  devices  had  very  good  yields  in  passing  the  Vjq  tests 
over  the  common  mode  voltage  and  military  temperature  range.  The 
screening  limits  for  these  devices  were  •  4  mV  and  6  mV  at  25' C  and 
over  the  military  temperature  range  respectively.  These  limits  were 
subsequently  expanded  to  5  mV  and  7  mV  respectively,  as  part  of 
a  decision  to  include  the  LF155A  series  op  amps  as  separate  device 
types  with  low  offset  voltage  in  the  slash  sheet. 

In  early  1979  a  GIDEP  government  Industry  Data  Exchange  Program) 
alert  was  issued  on  Vendor  Code  E  LF155  devices  became  of  high  offset 
voltage  drift  with  time  (greater  than  10  mV).  The  vendor  said 
that  the  problem  was  caused  by  contamination  during  the  ion  implant 
and  cleaning  procedures,  which  resulted  in  a  surface  inversion  con¬ 
dition  A  168  hour  burn-in  test  at  GE  Ordnance  Systems  on  the  LF155 
series  group  from  vendor  codes  A,  B,  C  and  D  revealed  a  maximum 
offset  voltage  shift  of  less  than  0.8  mV.  Most  devices  had  less  than 
0.3  mV  of  offset  drift. 

A  related  problem  is  with  short  term  power  turn-on  offset  voltage 
shift.  The  1/15/79  edition  of  Circuit  News  reported  on  this  phenom¬ 
enon.  Some  sample  testing  was  also  done  at  GE  Ordnance  Systems 
without  finding  any  devices  having  this  problem. 

LF155A/156A/157A  Family 


The  test  yields  of  the  LF155A  series  devices  to  the  tighter  limits 
of  2  mV/  2.5  mV  were  considerably  lower  than  those  for  the  non-A 
devices.  Tables  2-8,  2-9  and  2-10  show  this  information  in  terms  of 
percent  fail  high  and  percent  fail  low.  Overall  yields  at  25c  C, 

-55  C  and  125'  C  were  approximately  807.,  667.  and  927.  respectively. 


11-47 


2.5.2  Offset  Voltage  Temperature  Sensitiv  itv  (  ^*>VI0/  A  1) 

LF 155/156/1 57  Family 

V  T  is  a  very  important  parameter  lor  applications  having 

tight  error  specifications  over  a  wide  temperature  range.  Offset 
adjustment  can  not  compensate  for  poor  offset  voltage  drift.  The 
user's  only  guarantee  is  to  test  for  this  parameter  to  screen  out 
inferior  devices. 

With  limits  of  30  uV/  C,  the  non-A's  had  yields  of  947,  and  97/ 
for  the  cold  and  hot  excursions  from  25° C. 

LF155A/ 156a/ 157A  Family 

Even  though  the  manufacturers'  catalog  limits  of  :  5  uV/  C  were 
relaxed  to  •  10  uV/'C,  the  test  yields  for  the  A  series  devices 
were  437,  and  907,  for  the  cold  and  hot  ^  Vjq/*A  T  measurements, 
respectively.  It  was  later  determined  that  the  LF155A  devices  from 
vendor  Code  B  were  not  prescreened  to  truly  certify  them  as  A's. 
Follow  up  tests  with  vendor  Code  B  indicated  that  good  yields  could 
be  achieved  with  the  -  10  uV/°C  limits.  From  25  C  to  125' C  VI0  is 
allowed  to  increase  from  -  2  mV  to  2.5  mV.  This  corresponds  to  an 
end  point  shift  of  500  uV/100  C  =  5  uV/  C. 

2.5.3  Input  Offset  Current  (I jq) 

Since  Bi-FET  op  amp  offset  current  is  the  difference  between  the 
two  input  leakage  bias  currents,  it  is  very  small  and  also  difficult 
to  measure.  Only  the  zero  common  mode  voltage  condition  is  covered 
by  the  / 1 14  specification.  Test  yields  were  93.57  and  647,  for  the 
non-A's  and  A's  respectively,  against  the  •  20  pA  limits. 

Most  of  the  failures  were  traced  to  156  A's  and  157  A's  from  Vendor 
Code  E.  Test  yields  were  worse  for  the  "unspecified"  -15V  common 
mode  condition  because  of  front  end  matching  considerations.  At 
+  15  V  common  mode  the  test  yield  is  better  because  the  acceptance 
limit  is  raised  to  compensate  for  the  higher  input  bias  current. 
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.4  Input  Bias  Current  (+  Ijb>  ~  1jb) 

Figures  2-8  thru  2-11  show  the  sensitivity  of  input  bias  current  to 
common  mode  voltage  and  power  supply  voltage.  The  slash  sheet 
specification  is  based  on  +  Vcc  =  -  20  V  because  of  a  precedent 
established  with  previous  military  op  amp  specifications  and  a  desire 
to  maintain  standards  for  comparison. 

It  should  be  obvious  from  these  figures  that  if  low  Ijg  is  a 
necessary  application  requirement,  the  supply  voltages  should  be  no 
higher  than  15  V.  Also  with  the  lower  supply  voltages,  the  common 
mode  voltage  range  is  more  evenly  centered  about  zero.  As  the 
common  mode  voltage  approaches  the  negative  power  supply  voltage, 
the  P-N  junction  between  the  gate  and  channel  of  the  input  J-FETs 
becomes  forward  biased  and  forward  current  is  pulled  out  of  the 
gate.  The  input  common  mode  voltage  corresponding  to  this  "for¬ 
bidden"  condition  is  within  three  volts  of  -  Vcc. 

Increasing  the  common  mode  voltage  in  the  positive  direction  causes 
reverse  leakage  current  to  flow  into  the  J-FET  gate  terminals.  The 
common  mode  voltage  range  over  which  the  input  J-FETs  are  technically 
in  the  leakage  mode  varies  according  to  diffusion  characteristics, 
geometry  and  minority  carries  concentrations.  Also  the  leakage 
current  is  almost  independent  of  reverse  voltage. 

The  typical  diode  shape  increase  in  bias  current  with  common  mode 
voltage  occurs  as  the  junction  enters  the  avalanche  or  zener  voltage 
range.  Series  resistance  prevents  the  classical  zener  constant 
voltage  characteristic  from  occurring. 

Process  differences  among  the  device  manufacturers  cause  the  bias 
current  vs  common  mode  voltage  characteristics  to  vary  accordingly 
as  can  be  seen  in  Figures  2-8  thru  2-10.  Since  the  input  bias  cur¬ 
rent  is  J-FET  gate  leakage  it  is  not  surprising  that  this  current 
is  highly  temperature  sensitive.  Typically,  leakage  current  doubles 
for  everv  10°C  rise  in  temperature.  Figures  2-12  and  2-13  show 
this  effect. 

The  test  yields  to  the  /114  specification  limits  were  good  except 
for  the  following: 

1.  Vendor  Code  E.  LF155A  series  devices  incorporating  bias  cur¬ 
rent  compensation  had  a  yield  of  only  16.67.  for  the  negative 
common  mode  low  limit  of  -  100  pA.  Bias  current  compensation 
uses  negative  PNP  collector  current  to  cancel  positive  J-FET 
gate  current.  At  the  negative  common  mode  condition  an  over 
cancelled  situation  is  more  likely  to  occur.  The  JC-41  Committee 
has  not  asked  for  relief  on  this  limit. 
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2.5.4  Input  Bias  Current  (continued) 


2.  Vendor  Code  C.  LF155  series  devices  had  a  yield  of  30.77,  for 
the  125° C  input  bias  current  limits  of  50  mA  and  60  mA  at  the 
zero  and  positive  common  mode  conditions  respectively.  No 
relief  has  been  asked  for  this  limit. 

2.5.5  Power  Supply  Rejection  Ratio  (+  PSRR,  -  PSRR) 

All  of  the  devices  had  good  yields  in  meeting  the  85  dB  minimum 
limit . 

2.5.6  Common  Mode  Rejection  (CMR) 

Good  yields  were  obtained  in  meeting  the  85  dB  minimum  Limit.  This 
parameter  is  calculated  from  the  Vj-q  change  over  the  input  common 
mode  range.  Consequently,  there  is  a  close  relationship  between 
Vj-q  and  CMR  failures. 

2.5.7  Input  offset  Voltage  Adjustment  (Vjq  ADJ  (+) ,  Vj-q  ADJ  (-) 

Traditionally,  the  requirement  for  offset  voltage  adjustment  is  that 
it  be  capable  of  driving  the  input  offset  voltage  one  millivolt 
beyond  the  minimum  and  maximum  limits  of  offset  voltage.  All  func¬ 
tional  devices  far  exceeded  this  requirement  with  typical  values 
of  13  mV  and  -  14.3  mV  for  the  positive  and  negative  adjustments 
respectively. 

2.5.8  Short  Circuit  Current  (IQS  (+) ,  IQS  (-)) 

The  instantaneous  short  circuit  current  was  considerably  less  than 
the  50  mA  maximum  requirement.  The  short  circuit  current  magnitude 
decreases  with  increasing  temperature  for  both  output  drive  polar¬ 
ities.  If  the  output  is  commanded  to  be  at  the  positive  swing 
limit  and  then  a  short  circuit  is  made  between  the  output  and  ground 
or  the  negative  power  supply,  the  short  circuit  current  1qS  (+) , 
will  be  current  limited  by  Q/,  and  Rj  in  Figure  2-1.  Accordingly, 
typical  Iqs  (+)  =  =  BOO  mV  =  24  mA.  Since  z5VB[:  -V  -  2  mV/  C, 

"^1  ~£~T~ 

the  self  heating  of  the  device  and  the  output  transistor,  will  cause 
the  short  circuit  current  to  decrease  by  80  uA/  C. 

Output  short  circuit  protection  can  not  be  guaranteed  over  the  full 
-  55'C  to  125C  military  temperature  range. 
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2.5.8  Short  Circuit  Current  (continued) 


where 


Under  worst  case  conditions,  the  maximum  internal  junction  temperature 
of  175  C  will  be  exceeded  at  ambient  temperatures  far  below  125  C. 

The  following  equations  apply: 


1.  Pn  =  2  Vcc  ICC  +  '  vcc  -  V0  1  I 


2.  Tj  =  ta  +  pd  eJA 


os 


PD  =  device  dissipation  (mW) 

Vcc  =  power  supply  voltage  (V) 

Ic  =  power  supply  current  (mA) 

VQ  =  output  short  circuit  voltage  (V) 

I  =  output  short  circuit  current  (mA.) 

Tj  =  junction  temperature  (  C) 

T A  =  ambient  temperature  (' C) 

=  device  junction  to  ambient  thermal  resistance  ("C/mW) 


Under  worst  case  conditions  and  a  "warmed-up"  short  circuit  current 
of  30  mA,  the  devices  have  the  following  maximum  safe  ambient  tem¬ 
peratures  : 


1  Device  ! 

Maximum  Safe  Ambient  Temp  * 

Type 

"short"  to  ground  j  "short"  to  supply 

01,  04  , 

89.5°C  j  22°  C 

02,  03,  ’ 

76  C  |  9° C 

,  05,  06  , 

i  i 

.  i 

1 

*rA  <3  Tj 

=  175”C 

Several  02  and  03  devices  were  subjected  to  sustained  output  to 
power  supply  short  circuits  for  several  hours  without  incurring  any 
damage.  The  real  margin  of  safety  depends  on  the  differences  between 
worst  case  and  typical  parameters. 


•at  ii 


>  9  x upp  I  \  .  mrem  t !  .  .  i 

xupp  1  \  current  is  one  -'!  i  iu-  paramet  e  i  s  which  is  di !  UTi  r.i  :or  , 

Ui'v  i  co  t  ;  e  in  uie  I.,  i  j  3  scries  ;ami  i  >  I  Ik-  !  ^  limits  m-  -vt  1  i 

.luis.-n  i.-r  tin-  device  Jn.i  d  i  si  r  i  hut  ion. 

5  .  i>/  Out  j'l!  t  1 1 .  e  's.  i  it.  ■  •  ( .  ~  •  ( it •  1 

Maximum  output*  v>  lia-.e  st  i  tit  is  gene  rail  .  null  behaved  with  a  tipht 
hi  stop  ram  pattern  and  a  mean  v  im-  which  is  in.  volts  or  bettt  r  tint 
the  spec i t i cut i on  limit. 

3.11  Open  l.oop  Vo  leave  tain  (Aye;  .  aye,  (-), 

iiut  tor  one  exception,  the  data  distribution  oi  open  loop  voltage 
pain  iar  exceeded  trie  minimum  spec  i  ;  i  cat  ion  Oharact  e  r  i  s:  ica  1 1 ;.  , 
che  pain  hi. st  op  rams  have  a  scattered  distribution  ’lucre  vetv  no 
wrong  polaritv  pains,  thus  indicating  better  mana cement  oi  thermal 
effects  than  V.vre  observed  on  many  good  op  amps  durinc  previous 
characterization  studies  l.i'155.\  devices  from  vendor  i.odt  U  had 
many  gain  tai lures  at  -95  t  Von dot  Lode  ti  test  vields  u  -59  ■’ 

•..are  50  ,  1  5  8  and  Lb.o  for  their  !.:135.\,  Lt'13u.\  and  LF 1 )  7 
devices  respectively  i  fuse  s.tmt  devices  iiad  re  spec  tab  K-  pains  at 
25  ,  and  123  . 

3.12  Slew  Kait  ts,.  e-1  ,  M'  (-)/ 

i.ach  of  the  six  device  types  is  characterized  by  a  di  1 1 crept  » 1  ei. 
rate  specification,  Ui  to  in  the  nor.-.-,  and  A  croups  .  i  devices  .  slew 
rate,  is  traded  off  wit  1 1  supply  current  t-’  .  :.e:  du  ns.  i  three 
design  options.  In  most  case  s  m  put  ivi  si..  r..t »  w  i-  la-'ter  than 
positive  slew  rate  hv  dmt'st  2:1 

L  F 135/  1 3  u  / 1 3  7  Kami  1  y 

All  of  the  devices  had  pood  yields  i  their  respective  six  c  i  i  icat  !•• 
limits,  except  tor  L;  156’s  i  rom  Vender  ole  .  ••  litcii  bad  cield- 
22  and  0  at  J3  t'  mJ  123  t  respectively 

L.  133A/ I  3qA  '  I  5/A  fami  l_v 

U’idl  tile  exception  of  Vendor  t.odc  :  .  i  ><>. .  d.  \  ;  e  c  s  .  i-ric  .  -..  .,  c 
.ieid  it  /.)  ,  ait  oi  the'  data  ...is  welt  titiiin  tin.  sju  c  i  :  i .  at  l  on 
limits  i  he  failed  13bA  devices  would  pa.-,  s  me  .  »<-.  limit-, 
li.e.  7  »’/us  vs  10  •'•'us  l  compared  ..id.  ui.  -l.if  .  p  amp-.  i  -  'I.- 

ot  amps  have  a  much  better  combi  nut  ion  et  iiicii  s!.w  :.:tc  an  i  l  >w 
input  bias  current 


1  3  i  r.tii  ->  ii-nt 


i .  .  »•  it/),  i  ,<  C/'S  )  J 


.  i  i  n 

flu  i 

i  n  i  t  i 


loop  •  in  ,.i  I  \7  ■  ,  tlii.  I  runs  i  i‘iu  risponsi  dal  .  oi 
■  am!  i  !  >•  iicvii\-  •...!.••  sivni  i  Leant  1  %  : ./ ••  l  c  r  th  »n  tin 

!  l  —  ■  +  1  !  I  i  L  t  i  i '  !*i  i.  I!  'll  II*  'Hi.il.'  d  1  i  at  i  t  S  , 


Also  tlu'  !.:  137  devices  .it  a  i  last'd  leop  gain  of  3  V/V  wore  slower 
than  the  li.'-41  doinmit  t  on  recommended  limits.  [he  data  and  limits 
,i i'i  summarized  below: 


Dev i ce 

jC-41  Limits 

Data 

j  25  C 

Type 

TR(tr) 

'  TR(OS) 

T  R(t  r ) 

TR(OS) 

r '  ' 

1 

(ns) 

(  ) 

(ns) 

() 

Samp le 

TV 

(min)  imax) 

(min)  1  (max) 

(min) ' (max) 

(min)  ' (max) 

S  ize 

LI'l  5  3 

300 

40 

41  55 

33  47 

15 

•  iv/v 

I.F136 

200 

40 

28  45 

42  48 

15 

■3  l\’/V 

LI  1  57 

100 

40 

240  310 

0  0 

15 

U  5V/V 

'  ■  i  >.  — - - 

-L  -j - 

_ L 

j _ 

In  order  to  resolve  the  differences  between  the  recommend  limits 
and  the  data,  a  second  referee  circuit  was  built  and  several  devices 
were  tested  again.  The  new  data  correlated  with  the  original  data. 

After  verifying  that  the  data  matched,  the  sensitivity  of  the  data 
to  the  circuit  components  was  investigated.  Not  surprisingly,  the 
feedback  capacitor  has  a  dominant  effect.  For  instance  a  change 
from  10  pf  to  18  pf  caused  the  overshoot  of  an  LF156A  to  decrease 
from  44/  to  32/.  Figure  2-16  shows  the  typical  response  of  an 
L f  1 5 5  and  an  LF156  device.  The  high  TR(OS)  overshoot  failure  rate 
was  resolved  bv  modifying  the  test  circuit  such  that  for  Ay  =  1  V/V, 
Rp  =  0  .  Normally  closed  «9  contacts  in  parallel  with  the  10  K  -fi¬ 

res  is  tor  of  Figure  2-4  reduces  the  D.U.T.  overshoot  by  making  the 
device  less  susceptible  to  parasitic  capacitance  at  the  inverting 
input.  Typically,  depending  on  the  D.U.T 's  characteristics,  a 
reduction  of  107  to  207  in  overshoot  was  achieved. 
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1'  he  revised  t  ransieiit  response  sped  ficat  ion  i  i  .n  i  l  -  .ire  sin-vn  in 
Table  2 -  1 h 

14  Settling  Time  <ts(+),  cs(-)) 

Settling  time  as  deiined  in  the  .114  specification  is  a  sampled 
large  signal  test  for  the  time  it  takes  the  error  voltage  to  setlle 
within  0.1  of  its  final  value.  A  phantom  summing  inode  is  monitored 
as  shown  in  Figure  2-3  while  the  : )|  T  is  exercised  to  produce  a  10  V 
output  pulse.  This  summing  mode  voltage  Vj{  is  proportional  to  the 
error  voltage  difference  Vp  between  the  input  and  output  voltage 
as  shown  be1  low; 


rF  ..  ■'I 


'•»  *  '-IK  —  «F  *  '» 


Vv  =  V 


rf 

(rT)  V.„  <- 


N  IN  Rl  +  Rp  R1  IN  r7+“r|: 


Vv  = 


X  Rl  +  rF 


Thus  for  circuit  gains  of  -  1  V/V  and  -  5  V/V,  the  null  voltage  is 
.5  Vt-  and  .833  Vp-,  respectively.  For  a  10  V  output  and  0.1'  error, 
the  corresponding  null  voltage  thresholds  are  5  mV  and  8.33  mV  at 
Ay  -  l  V/V  and  3  V/V  respectively. 

Figure  2-20  shows  the  dynamic  null  error  voltage  of  several  typical 
devices.  The  settling  time  is  composed  of  a  slewing  interval  and 
transient  response  interval,  which  depend  on  different  parameters 
and  conditions.  For  a  given  device  the  slewing  interval  is  pro- 
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>.l  +  Settlin'--  i  (continued') 


portienal  to  t  he  viutput  step  -hanpu,  wnereas  the  transient  response 
int.  r\  i !  is  dependent  on  the  damping  rat i o  ol  the  device  in  the 
ii">t  c  i  •'  i.  . .  i  l  . 

ne  e  i  :  -..it  t  !.  sed  le-wp  .a  in  ii  is  a  bia  eiiect  on  both  the  slewing 
interval  and  L  he  transient  response  interval.  depending  on  hoe 
thi.  response  osc i I lat ions  dampen,  the  difference  between  0  1  and 
.01  sett  line  Lime  can  vary  irom  a  iraotional  part  ol  cycle  to 

several  c \ e  1  e  s . 

lh«.  relationship  between  Lin.  data  and  the  proposed  limits  is  tab¬ 
ulated  be  lev. : 


"T - 

he v  i  ce 

jata 

■  23  t: 

/IK  A 

l  ype 

t  s  in 

(ns) 

ts  in  (ns) 

■i 

f 

*  Samp le 

i  n 

Av 

pr.  i  n ) 

(max' 

Size 

(min)  •  (max) 

LF155 

700 

1300 

15 

1500 

3  lv/v 

F 

i  LF156 

900 

1300 

15 

1500 

j  3  1V/V 

:  LF157 

300 

650 

15 

j  800 

|  5V/V 

j 

j _ 

J _ L 

_ L 

.5.15  Noise  (N-j  (BB)  ,  Nj  (PC)) 

Broadband  and  pop  corn  noise  was  measured  with  a  Tektroniks  Type 
577  curve  tracer.  Typical  data  displays  are  shown  in  Figure  2-22. 

Broadband  noise  was  measured  with  a  source  resistance  of  50  A  and 
the  observed  peak-to-peak  readings  were  divided  by  six  to  yield 
Gaussian  rms  values. 

This  factor  of  six  is  used  because  op  amp  noise  voltage  is  random 
and  has  a  normal  statistical  distribution.  One  of  the  properties 
of  a  normal  Gaussian  distribution  is  that  the  ratio  of  the  peak-to- 
peak  value  over  the  rms  value  is  six  with  a  probability  of  99,77,. 
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2.5.1b  Noise  (continued) 

i  he  data  is  summarized  as  follows: 


Broadband 
Noise 
(u  Vrms) 

0.3 
0  7 
0.8 
1  0 
1  2 
1  .3 
1.7 


>:it  a 

'reuuencc 


o 

3 

10 

1 

3 

1 


Total : 


24  data  values 


The  data  distribution  is  conservatively  within  the  10  w  Vrms  maxi¬ 
mum  limits  of  the  /114  specification. 

for  the  popcorn  noise  test  only  one  device  had  an  observed  "pop" 
of  10  u  Vnk .  The  remaining  23  devices  had  no  trace  of  popcorn 


Bur  -  . : 


•  a  1 1 1  a  t  i  •  >n 


Alter  the  initial  characterization  data  was  taken,  sixty  non-A 
devices  were  burned-in  using  two  different  circuit  configurations. 
Twenty-eight  devices  were  exercised  in  the  original  voltage  follower 
circuit  which  uses  a  2000  ohm  load.  During  this  168  hour  burn-in 
test,  the  input  was  changed  from  +  5  V  to  -  5  V  after  approximately 
half  of  the  time  had  elapsed.  The  remaining  32  devices  were  exer¬ 
cised  on  a  new  simplified  circuit  which  has  the  inputs  grounded  and 
the  outputs  open.  Maximum  supply  voltages  of  22  VDC  were  applied 
to  these,  devices,  whereas  only  •  20  VDC  was  applied  to  the  first 
group.  The  two  sample  populations  were  chosen  such  that  they  equal 
representation  with  regard  to  vendor  and  date  code.. 

At  the  conclusion  of  the  168  hours,  125  C  test,  the  devices  were 
cooled  down  before  power  was  removed.  The  serialized  devices  were 
again  tested  on  the  S-3260.  The  following  observat  ions  were  made 
after  comparing  the  before  and  after  test  data; 

1.  For  both  test  circuits  the  post  burn  -in  data  total 

failures  did  not  exceed  the  total  pro  burn-in  tai  lures. 

In  other  words  good  devices,  in  general,  are  not  harmed 
bv  either  test  ci rcuit . 
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5.16  ijurn-in  'ircuit  Evaluation  (cone.) 

2.  Quite  often  on  particular  devices  pre  burn-in  failures 
did  not  appear  at  post  burn-in.  These  were  mainly  I jq 
and  ljg  technical  limit  failures. 

It  was  concluded  that  the  new  simplified  burn-in  circuit  was  equally 
eifective  with  the  old  standard  test  circuit.  Subsequently,  it  was 
recommended  that  the  supply  voltages  be  reduced  to  ’  20  V  and  the 

pir  5  offs,  f  -.ti  i  u. si  piu  bi  .  >.;n  :  t  \\  c  . 


,1)  .  1  i»S  iv  l'.'-*  .il'M  '•  lxU*l  j  i  V:  •* 

204  LF155  series  op  amps  were  tested  on  CEOS’  S-3263  to  characterize 
their  electrical  parameters.  Sampled  bench  test  data  was  taken  to 
characterise  noise  and  some  of  the  dynamic  electrical  characteristics, 
which  could  not  be  tested  on  the  S-3263.  It  should  be  noted  that  the 
electrical  characteristics  are  oriented  toward  automatic  procurement 
testing.  With  the  exceptions  of  input  bias  current,  input  offset 
current,  and  output  short  circuit  current,  the  effects  of  device  self 
heating  will  not  cause  the  procurement  values  to  differ  from  appli¬ 
cation  values. 

In  order  to  minimize  input  bias  currents  and  device  power  dissipation 
it  is  recommended  that  the  power  supply  voltages  be  kept  no  higher 
than  15  V.  Although  these  Bi-FET  op  amps  are  guaranteed  to  operate 
at  125  C  ambient  temperature,  high  temperature  operation  will  cause 
the  benefits  of  low  input  bias  currents  to  be  lost. 

The  LF155  series  of  Bi-FET  op  amps  have  several  advantages  over  bipolar 
devices  including  a  more  optimum  combination  low  bias  current  and  high 
slew  rate  plus  the  ability  to  drive  high  capacitance  loads. 

final  recommended  electrical  specifications  for  the  generic  LF155 
series  op  amps  in  M1L-M-38510/ 1 14  are  shown  in  Table  2-16. 
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SECTION  III 


CHARACTERIZATION  OF  ADJUSTABLE  POSITIVE  VOLTAGE  REGULATORS 

MIL-M- 38510/ 117 
& 

ADJUSTABLE  NEGATIVE  VOLTAGE  REGULATORS 
MIL-M-38510/118 


3.1  Background  and  Introduction 

Prior  characterization  efforts  for  RADC  have  resulted  in  the  develop¬ 
ment  of  slash  sheets  for  Fixed  positive  Voltage  Regulators  and  Fixed 
Negative  Voltage  Regulators.  These  slash  sheets,  combined,  specify 
regulators  with  ±  5  Volts,  ±  12  Volts,  ±  15  Volts  and  ±  24  Volts  which 
survey  showed  are  the  predominate  supply  voltage  requirements  for 
either  digital  or  analog  circuits. 

Several  new  innovative  IC  and  hybrid  devices  incorporate  precision 
circuitry  and  as  such  require  low  tolerance  supply  voltages.  In 
addition,  most  large  systems  require  a  variety  of  supply  voltages  to 
provide  power  for  digital  circuits,  analog  circuits,  display  circuits, 
transducers,  etc.  The  logistic  problems  associated  with  the  variety 
of  voltage  regulators  needed  to  power  these  devices  can  be  greatly 
reduced  by  use  os  one  of  more  adjustable  voltage  regulators  together 
with  a  few  standard  value  resistors. 

Adjustable  voltage  regulators  are  available  either  as  4-terminal 
adjustable  voltage  devices  or  as  3-terminal  adjustable  voltage  devices. 
Each  of  these  styles  has  been  characterized  and  is  included  on  both  of 
the  slash  sheets. 

The  following  table  shows  the  voltage  regulators  included  in  these 
specif icat ions : 
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3.2  Description  oi  Device  types 

The  major  physical  distinctions  between  Lhe  various  voltage  regulators 
characterized  ior  these  two  slash  sheets  are  shown  in  "’able  3.1  The 
major  distinguishing  features  ate:  1  >  voltage  range  and  polarity,  2) 
maximum  output  current,  3)  number  ot  terminals  and  4)  case  size. 

Whereas,  the  4-terminal  adjustable  regulators  are  evolved  from  their  i  ix<-2 
voltage  counterparts  by  deleting  the  two  internal  resistors  used  to 
set  the  output  voltage,  and  by  bringing  the  error  amplifier  summing 
point  out  of  the  case,  the  3-torminal  adjustable  regulators  represent 
different  approach  in  IC  vo 1  face  regulator  design  and  do  not  have  3-ter- 
minai  fixed  voltage  counterparts. 

All  of  these  devices  contain  protective  circuits  common  to  mane  of  tin- 
available  1.  voltage  regulators.  These  circuits  include  a)  output  cur¬ 
rent  limiting,  b)  short  circuit  protection,  c)  safe  operating  area 
protection  and  d)  thermal  shut  down.  In  addition,  the  regulators 
included  in  these  slash  sheets  feature  "band-gap"  reference  voltage 
circuitry  to  fix  and  stabilize  the  output  voltage.  These  reference- 
voltage  circuits  are.  characterized  b\  improved  noise-  and  1  one -term- 
stability  Generally,  these  characteristics  arc-  10-100  times  better 
than  those  found  in  standard  avalanche  breakdown  reference  voltage 
zener  diodes,  A  simplified  schematic  of  a  hand-yap  reference  is  .-.hewn 
in  Figure  3.1. 
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In  this  circuit,  two  monolithic  transistors  operating  at  different 
collector  current  densities  develop  a  voltage  ^VgE,  at  the  emitter  of 
Q2.  This  voltage  lias  the  relationship:  ^Vg£  =  KT  In  (11)  and  the 

q  TIT) 

temperature  coefficient  (TC)  of  this  voltage  is  positive.  When  the 
voltage  is  amplified  and  added  to  the  base-emitter  voltage  of  Q3,  which 
has  a  negative  TC,  the  rest  ltant  output  is: 


VREF  '  VPF.Q3  +  rY  ^  VrE* 

By  proper  adjustment  of  the  gain  (R2/R1),  the  negative  TC  of  Vreq3  can 
be  made  to  cancel  the  positive  TC  of  ^Vro>  The  result  is  a  voltage 
re  I  e  reoce  chat  has  nearl-  -.ero  temperature  drift. 


A  simplified  schematic  of  a  positive  voltage  regulator  showing  the 
various  protective  circuits  is  shown  in  Figure  3.2.  For  the  negative 
voltage  regulators,  circuit  arrangement  and  performance  is  very 
s imi lar . 
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Figure  3.2.  Ajustable  Voltage  Regulator  with  Protection  Circuits. 


The  current  limit  circuit  consists  of  Q2,  R3  and  Resistor  R^  is 

in  series  with  the  output  and  carries  the  output  current.  Transistor 
Q2  is  normally  turned  off;  however,  as  the  output  current  increases  the 
voltage  across  R^l  increases  and  transistor  Q2  begins  to  turn  on.  As 
Q2  conducts  some  of  the  series  pass  transistor  base  current  is  shunted 
around  the  transistor  to  the  output  and  the  current  gain  of  the  output 
circuit  is  effectively  decreased.  Thus,  the  total  output  current  is 
degraded  by  the  decrease  in  the  output  circuit  current  gain. 

The  safe  area  protection  circuit  consists  of  diode  Dl,  transistor  Q2 
and  resistors  R3,  R4  and  R^l.  In  the  normal  operating  mode,  Q2  is 
turned  off  and  the  current  path  for  Dl  is  through  resistors  R3,  R4  and 
Rd,.  Since  this  is  a  high  impedance  path  the  diode  current  is  insuf¬ 
ficient  to  cause  diode  conduction.  However,  when  the  regulator  is 
operating  in  a  current  limit  mode,  transistor  Q2  is  turned  on,  and 
diode  Dl  conducts  through  the  transistor  base-emitter  junction.  If 
the  Vin  -  Vout  voltage  is  greater  than  the  breakdown  voltage  of  the 
diode  (6-8  volts),  large  base  currents  flow  through  Q2  and  current 
limiting  adjust  to  a  much  lower  current  level.  Thus,  the  output  short 
circuit  current  is  greatly  reduced  as  the  regulator  input  voltage  is 
increased. 

The  thermal  shut  down  circuit  consist  of  a  transistor  Q3  that  is  nor¬ 
mally  biased  with  is  base-emitter  junction  voltage  just  below  conduc¬ 
tion  (VjjE  <2?  .4  V).  The  thermal  shutdown  transistor  is  physically 
located  next  to  the  series  pass  transistor  so  that  the  two  transistor 
temperatures  are  approximately  the  same.  As  the  series  pass  tran¬ 
sistor  temperature  increases,  the  required  base-emitter  voltage,  nec¬ 
essary  to  turn-on  the  thermal  shut  down  transistor,  decreases.  At 
temperatures  around  150' C  -  190°C,  transistor  Q3  turns  on  and  the  base 
current  to  the  series  pass  transistor  is  shorted  to  ground.  With  these 
built-in  protection  circuits,  the  voltage  regulator  is  virtually  fail 
proof  under  the  most  abnormal  operating  conditions. 
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3.2.1  Four-terminal  Adjustable  Voltage  Regulators 


General  block  diagrams  for  the  4-terminal  adjustable  positive  voltage 
regulator  and  the  4-terminal  adjustable  negative  voltage  regulator 
are  respective!  -  sho-n  in  Figures  3.3  and  3.4. 
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Figure  3.3.  Block  diagram  of  4-terminal  adjustable  positive 
voltage  regulators. 
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Figure  3.4.  Block  diagram  of  4-terminal  adjustable  negative 
voltage  regulators. 
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Both  regulator  circuits  are  made  up  of  a)  a  start-up  circuit  to 
insure  that  the  device  is  rapidly  brought  into  regulation,  b)  a 
temperature-compensated  voltage  reference  with  a  current  source  to 
eliminate  the  effect  of  the  unregulated  input  voliage,  c)  an  error 
amplifier  that  compares  a  fraction  of  the  output  voltage  with  the 
internal  reference  voltage,  d)  a  series  pass  regulating  transistor 
that  controls  the  current  output  to  the  load,  e)  a  series  resistor 
and  current  limit  to  regulate  the  peak  output  current,  f)  a  safe 
operating  area  circuit  which  operates  with  the  current  limit  circuit 
to  reduce  the  regulator's  peak  output  current  as  the  input  voltage 
increases  and  g)  a  thermal  shut-down  circuit  that  turns  off  the  pass 
transistor  when  its  temperature  exceeds  150  (,’  -  190" C. 

Circuit  variations  exist  between  each  of  the  4-terminal  regulators 
as  a  result  of  the  polarity  differences  and  as  a  result  of  the  maxi- 
mam  output  current  differences.  A  detailed  discussion  of  the  regu¬ 
lator  circuits  can  be  found  in  reference  1  listed  in  Section  3.6. 

3.2.2  Three-terminal  Adjustable  Voltage  Regulators 

General  block  diagrams  for  the.  3-cerminal  adjustable  positive  voltage 
regulator  and  the  3-terminal  adjustable  negative  regulator  are, 
respectively,  shown  in  Figures  3,5  and  3,6. 
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Figure  3.5  Block  diagram  of  3-terminal  ad  instable  positive  voltage 
regulators . 
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3.6.  Block  diagram  of  3-terminal  adjustable  negative  voltage 
regulators. 


The  3-terminal  adjustable  voltage  regulators  vary  markedly  from  the 
4-terminal  adjustable  voltage  regulators.  The  most  outstanding 
feature  of  the  3-terminal  regulators  are  that  a)  the  quiescient  cur¬ 
rent  flows  out  of  the  regulator  output  pin  instead  of 

flowing  out  of  the  regulator  adj  (common)  pin,  b)  the  only  current 
flowing  out  of  the  regulator  adj  pin  is  a  low  level  current  (50  uA) 
for  the  reference  circuit,  c)  the  error  amplifier  is 

a  fixed  unity  gain  amplifier  and  is  therefore  easily  frequency  stabi¬ 
lized,  d)  the  voltage  reference  circuit  does  not  require  a  special 
start-up  circuit  and  e)  large  voltage  stresses  are  restricted  to  the 
series  pass  transistor  and  to  the  on-chip  current  sources.  The  volt¬ 
age  (VG  -  Vacjj)  is  a  constant  1.2  volts.  In  addition,  circuit  re¬ 
finements  have  resulted  in  improved  thermal  and  load  regulation.  A 
detailed  discussion  of  the  regulator  circuits  can  be  found  in  ref¬ 
erence  2  listed  in  section  3.6. 
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3.3  Device  characterization 

Character ixat ion  of  l he  3-terminal  voltage  regulators  was  periormed  in 
two  parts.  Hu:  static  tests  mat  measure  tiie  d.c.  parameters  were  p e r - 
formed  on  the  lektrornix  S-32o3  Automatic  iest  S'Stim  at  -33'  t  ,  23  r  and 
123  C.  3  he.  d’namic  tests  including  transient  tests  and  u.c.  tests  were 
periormed  in  a  bench  test  setup  at  2  .  !  lie  cha  rat  t  e  r  i  /.at  ion  ettort 

for  tile  4-terminal  voltage  regulators  was  great Ii  reduced  because  of  the 
similarity  in  design  between  the  4-terminal  adjustable  regulators  and 
their  3-terminal  fixed  counterparts.  the  3-terminal  fixed  regulators 
have  been  characterized  in  previous  contracts  to  KADC  and  a  report  on 
this  effort  is  provided  in  references  3  and  4  of  section  3.6. 

3.3.1  Automatic  Test  Development 

Software  was  developed  for  the  Tektronix  S-3263  Lest  system  to  provide 
for  automatic  testing  of  both  the  positive  and  negative  adjustable 
voltage  regulators.  All  static  tests  recommended  by  the  JC-41  Commit¬ 
tee  and  some  CFOS  added  static  tests  were  included  as  part  of  the 
software  package. 

3.3.  1.1  S-3263  Test  Adapter 

The  test  adapter,  shown  in  Figures  3.7  and  3.8,  was  designed  to 
provide  an  interface  between  the  DUT  and  the  Test  System.  The 
adapter  has  the  ability  to  test  positive  and  negative,  3-terminal 
and  4-terminal,  1/2  amp,  1  amp  and  1,5  amp  regulators.  This  cap¬ 
ability  is  achieved  by  using  a  separate  plug-in  carrier  for  each 
type  of  DUT.  The  carrier  contains  the  input  and  output  capacitors  for 
the  DUT,  and  plugs  into  the  S-3263  main  test  adapter..  In  addition, 
the  DUT  protection  diodes,  and  the  current  regulators  and  transistor 
used  in  the  start-up  circuit  are  on  a  separate  lb-pin  DIP  carrier 
and  are  changed  when  the  voltage  polarity  of  the  DUT  to  be  tested  is 
changed.  Also  the  main  current  carrying  power  Darlington  transistors 
are  plug-in  and  can  be  changed  from  NPN  to  PNP  or  vice  versa  when 
the  voltage  polarity  of  the  DUT  is  changed.  Other  plug-ins  include 
load  resistors  and  output  voltage  fixing  resistors.  In  addition, 
the  voltage  measurement  system  has  made  extensive  use  of  Kelvin 
test  leads  to  insure  that  measurements  are  made  at  the  precise  point 
of  interest. 

3.3. 1.2  Test  Circuits  and  procedures 

The  static  test  circuits  developed  for  these  characterization  efforts 
were  designed  to  permit  regulator  testing  by  either  automatic  test 
systems  or  by  bench  test  instrumentation.  Schematics  are  shown  in 
Figures  3.9  and  3.10  and  the  test  circuit  set  ups  are  listed  in 
Tables  3.3  through  3.10. 
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riu-  main  Dl'T  currents  are  carried  by  separate  buses  and  are  con¬ 
trolled  by  the  automatic  test  system  via  the  power  Darlington 
transistor  circuits.  fhrough  use  oi  external  power  supplies,  the 
adapter  test  circuits  permit  control  of  currents  that  are  larger 
than  the  current  capacity  of  the  automat  ic  test  system. 

The  input  power  Darlington  transistor  circuit  can  force  the  value 
of  t  lie  DIT  input  voltage  and  can  be  used  to  control  it  for  testing 
a)  output  voltage  versus  input  voltage,  b)  line  regulation,  c)  short 
circuit  current  versus  input  voltages,  d)  start  up,  e)  line  transient 
and  1)  ripple  voltage  rejection.  The  output  power  Darlington  tran¬ 
sistor  circuit  can  be  used  to  force  a  current  and  measure  the  voltage 
or  to  force  a  voltage  and  measure  the  current.  The  circuit  can  be 
controlled  for  testing  a)  output  voltage  versus  load  current,  b) 
load  regulation,  c)  thermal  regulation,  d)  short  circuit  current, 
e)  voltage  recovery,  and  f)  load  transient.  The  current-to-voltage 
amplifier  is  used  to  measure  the  milliampere  and  microampere  cur¬ 
rents  for  a)  the  standby  current  drain  tests,  b)  the  control  cur¬ 
rent  tests,  c)  the  adjust  pin  current  tests  and  d)  the  quiescent 
current  test  under  a  forced  voltage  condition. 

3.3.  1.2.1  Vqut  «  VRL1NE  ,  VRL0AD  &  VRTH  Tests 

All  of  the  output  voltage  measurements  use  Kelvin  sense  leads  and 
are  measured  differentially  to  the  DUT  reference  point.  The  sense 
lead  for  the  output  voltage,  line  and  load  regulation  measurements 
is  terminated  with  a  test  clip  lead.  The  clip  lead  is  clipped  to 
the  DIT  output  lead  1/8  inch  from  the  case.  The  voltage  measure¬ 
ments  are  differentially  compared  to  the  output  of  a  d.c.  voltage 
standard  and  the  difference  voltage  is  amplified  to  optimize  the 
best  test  measurement  accuracy.  The  test  circuit  is  as  shown  in 
Figure  3.11. 
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The  circuit  is  used  to  measure  line  and  load  regulation  on  the 
LM117  and  LM137  regulators.  For  the  LM117  regulator  the  output 
voltage  varies  from  1.2  volts  to  1.3  volts.  With  the  voltage 
standard  set  to  -  1.056  volts,  the  op  amp  output  is 

VM  =  4.42  VQ  -  1.056  (4.42) 

and  for  1.2  viv0^1.3V 

.63  6  volts  V^^  1.078  volts 

When  two  successive  measurements  are  made,  the  two  measured  values 
are 


=  4.42  Vo  -  4.66752 

V*  =  4.42  Vq  -  4.66752 

These  measurements  are  subtracted  to  determine  the  differen¬ 
tial  voltage, 

VM  ‘  VM  =  4*42  *o  -  *o  > 
and  the  voltage  regulation  is  determined  by  the  expression 

AV0  -Vm  - 

ra — 

Output  voltage  measurements  are  made  by  using  a  resistive  voltage 
divider  network.  The  network  divides  the  voltage  so  that  for  an 
output  voltage  range  1.2  V  ^  V0^-  1.3  V,  the  measurement  voltage 
range  is  .923  V  *  VM<  1.0  V.  This  permits  measurements  to  be 
made  at  the  top  end  of  the  1  volt  range  rather  than  at  the  bottom 
of  the  10  volt  range.  An  alternate  test  circuit  for  these  mea¬ 
surements  is  discussed  in  Section  3.5. 

3.3. 1.2.2  Iaj)j  and  igCD  Current  Tests  (Line  &  Load) 

^ADJUST  currents  of  the  LM117  &  LM137  are  measured  while  performing 
line  and  load  regulation  tests  by  using  a  current-to-voltage 
amplifier.  The  main  reasons  the  S-3263  current  measuring  capability 
is  not  used  is  as  follows: 

1)  inadequate  accuracy  &  resolution  for  measurements 

2)  reduces  the  chance  of  damage  to  test  system  if  gross 
failure  of  device  under  test  occurred. 
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The  current-to-voltage  amplifier  uses  an  LF155  op  amp  which  is 
selected  because  of  its  low  input  bias  current  and  because  this 
minimizes  errors.  The  gain  is  selected  for  the  best  DVM  measure¬ 
ment  range.  The  output  of  the  amplifier  is  then  coupled  to  an 
external  voltmeter  under  IEEE  bus  control.  The  relationship  of 
the  measured  voltage  to  the  current  is 


lADJ=*f 

The  amplifier  is  also  used  to  measure  the  Ig^g  current  for  the 
4-terminal  regulators.  Relays  are  used  to  control  the  currents 
applied  to  the  op  amp  summing  point. 

3.3. 1.2.3  Iq  Test  and  TcONTROI  Test 

The  current-to-voltage  amplifier  design  includes  a  mode  of  opera¬ 
tion  that  allows  forcing  of  its  summing  point  to  a  specified 
voltage  value.  Vlhen  the  quiescent  current  (Iq)  1b  to  be  measured 
for  the  LM117,  the  summing  point  is  forced  tov1.4  volts  and  is 
connected  to  the  regulator  output  terminal.  The  current  that 
flows  out  of  the  regulator  under  these  conditions  is  the  quiescent 
current.  The  measured  amplifier  output  voltage  and  the  quiescent 
current  have  the  relationship 

_  CVM  -  VF) 

XQ  "  Rf 

For  the  LM137  the  forced  voltage  is  -  1.4  volts  and  the  circuit 
operation  is  as  defined  above.  • 

The  measurement  of  the  IcoNTROL  current  for  the  4-terminal  regu¬ 
lators  is  similar.  The  control  pin  is  connected  to  the  summing 
point  and  is  forced  to  the  proper  voltage  by  setting  the  amplifier 
non-inverting  input  voltage  (5.0  volts  for  the  positive  regulators 
and  -2.23  volts  for  the  negative  regulators).  The  measured  ampli¬ 
fier  output  voltage  and  the  control  current  have  the  relationship 

_  <Vm  -  vF) 

^-CONTROL  - - - 

In  addition  to  steering  the  proper  currents  to  the  summing  point, 
relays  are  used  to  change  the  current-to-voltage  gain  for  the 
control  current  measurement. 
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r0S-  IpEAK  h  V0UT  ^ecovery  Tests 

Short  circuit  (Iqs)  anc*  Pea^  output  current  (IpEAp)  tests  are 
performed  by  programming  the  load  circuit  power  Darlington  network 
into  a  second  mode  via  relay  control  &  S-3263  system.  This  mode 
of  operation  forces  the  output  voltage  of  the  regulator  for  a 
given  time  into  short  circuit  =  0  V)  on  Ipp^x  current  con¬ 

ditions  (forces  to  predetermined  regulator  output  voltage).  The 
resultant  currents  are  measured  through  a  1  ohm  sensing  resistor 
in  series  with  the  Darlington  circuit  via  the  S-3263  measurement 
subsystem. 

The  V0lrr  (recovery)  test  is  measured  bv  first  removing  the  regu¬ 
lator  from  the  forced  output  condition  and  then  allowing  the  out¬ 
put  voltage  to  recover  into  a  resistor,  capacitor  load  after  a 
given  time.  This  test  was  added  to  determine  if  the  regulator  is 
capable  of  re-starting  itself  after  short  circuit  conditions  and 
provides  important  application  information  to  the  user  of  the 
regulators . 
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Tests 


The  start-up  circuit  consists  of  an  input  Darlington  circuit  which 
provides  the  necessary  fast  turn-on  characteristics  as  well  as  a 
programmed  input  voltage  to  the  regulator's  input.  The  start-up 
circuits  shown  in  Figures  3.7  &  3.8  measure  the  ability  of  the 
regulator  to  respond  to  extreme  combinations  of  input  voltage,  and 
load  currents  by  measuring  the  output  voltage  after  a  predetermined 
time.  The  load  resistance  during  testing  is  shunted  by  a  20  ufd 
capacitor  to  simulate  total  distributed  by-pass  capacitors  found 
in  many  system  applications. 

Although.  Ios ,.  Ipy/ye  ti  v0UT  (recovery)- tests  are  listed  ■separately  ' 
they  are,  in  fact'  ,  combined  as  part  of  the  tests  and 

provide  a  very  subjective  set  of  conditions  to  the  regulator. 

The  order  in  which  the  tests  are  performed  is  shown  in  Figures 
3.12  &  3.13  and  is  stated  as  follows: 

1)  Starting  circuit  applies  input  voltage  to  regulator. 

^OS  or  *PLAK  test  forces  the  regulator  output  to  the  specified 
voltage  value  and 

3)  V0UT  recovery  test  allows  the  regulator  to  recover  into  a 
load  circuit. 
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3.3. 1.3  Test  Accuracies  And  Correlation 


All  of  the  adapter  test  circuit  gains  and  scaling  factors  are  deter¬ 
mined  by  using  a  precision  voltage  standard  and  a  precision  volt¬ 
meter.  The  precise  gain  value  is  used  in  the  software  program  to 
calculate  the  test  results  from  the  measured  data.  Aside  from  some 
initial  circuit  stability  problems,  the  most  basic  problems  encoun¬ 
tered  while  developing  the  test  circuits  and  programs  dealt  with  the 
S-3263  machine  measurement  accuracy.  The  S-3263  could  not  achieve, 
by  itself,  the  accuracy  or  resolution  necessary  to  meet  the  desired 
10:1  test  accuracy  required  for  good  test  measurement  systems.  Es¬ 
sentially,  the  accuracy  problems  encountered  during  the  measurement 
of  the  test  parameters  are  overcome  by  increasing  the  gain  of  the 
signal  to  be  measured  and  by  level  shifting  the  signal  value  to 
allow  use  of  the  most  accurate  portion  of  the  most  accurate  measure¬ 
ment  range. 

Without  the  use  of  the  current-to-voltage  amplifier,  the  test  system 
resolution  on  any  current  range  would  be  sufficiently  bad  to  render 
the  ?ADJ  measurements  meaningless.  The  current-to-voltage  ampli¬ 
fier  has  a  gain  of  2000  V/A  for  all  I^qj,  Iscd  AND  Iq  measurements 
and  its  gain  is  33200  V/A  for  the  IcONTROL  current  measurement.  The 
desired  measurement  accuracy  for  measuring  Vout  was  readily  achieved 
by  scaling  the  signal  voltage  to  a  more  accurate  part  of  the  voltmeter 
range.  However,  because  of  resoltuion  these  measured  values  were 
too  inaccurate  to  be  used  to  calculate  line  and  load  regulation.  The 
test  circuit  described  in  section  3.3. 1.2.1  provides  a  gain  of  approx¬ 
imately  4.42  over  the  direct  output  voltage  measurement  and  gives 
sufficient  accuracy. 

The  results  of  the  test  accuracies  achieved  during  characterization 
are  shown  in  Table  3.11.  There  are  few  parameters  where  the  S-3260 
tests  failed  to  meet  the  desired  .  10:1  test  accuracy..  ...  . 

As  can  be  seen  from  Table. 3. 11,  the  basic  S-3263  measurement  accuracy 
would  have  failed  to  meet  the  10:1  test  accuracy.  However  with  the 
additional  circuitry  incorporated  into  the  S-3263  test  adapter,  the 
desired  results  were  achieved. 

A  plot  of  the  measured  voltage  vs  percent  error  voltage  on  the  S-3263 
shows  the  basic  capability  of  each  range.  Factored  into  these  curves 
are  the  following: 

1)  percent  of  range 

2)  offset  voltage 

3)  resolution 
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Another  concern  in  selecting  measurement  ranges  is 'the  time  required 
to  samp Le  and  the  time  for  the  measurement  system  to  settle  out.  An 
example  of  the  t.pes  ot  problems  encountered  while  select ine  S-3263 
ranees  is  as  to  1  lows: 

li  100  mV  range :  best  result  ion,  worst  accuracs ,  worst  settling 
t  ime 

2)  l  in  10  volt  range:  best  accurac  ,  'est  Settling  time. 

However  in  in.  king  delta  measurements  of  Vout  , 
the  resolution  can  be  a  significant  error 
term,  and  a  dominating  factor  when  selecting 
t  anges . 

Over  all,  the  S-3263  still  has  one  of  the  besi  sampling  rates  (200 
samples/sec)  which  exceeds  an  external  IEEE  DbM  by  at  least  an  order 
of  magnitude.  However,  it  is  still  necessary  to  consult  the  S-3263 
measurement  accuracv  table  before  developing  S-3263  test  capability. 
Figures  3,14  through  3.18  show  the  basic  test  system  accuracies  for 
each  voltage  range. 

The  initial  attempts  to  correlate  data  on  the.  S-3263  test  system  to 
bench  data,  brought  to  light  the  system  inadequacies  in  making  mea¬ 
surements  discussed  above.  Tne  predominate  errors  were  the  gross 
instabilities  of  the.  delta  measurements  as  a  result  of  the  machine 
resolution.  At  this  time,  the  machine  accuracies  were  checked  for 
each  measurement  and  the  need  for  special  test  circuits  was  deter¬ 
mined.  With  the  addition  of  the  new  circuits  to  the.  adapter,  cor¬ 
relation  was  checked  and  found  to  be  well  within  the  20/  requirement 
for  correlation  (ie  10/,  measurement  error  for  each  test  set  up). 

Bench  measurements  were  made  using  the  test  adapter  as  a  carrier  for 
the  Dl'T.  The  adapter  was  checked  to  determine  that  it  was  capable 
of  forcing  the  proper  voltages  and  currents  by  programming  the  test 
circuits.  Currents  were  checked  by  inserting  an  ammeter  in  series 
with  current  to  be  measured.  Voltage  measurements  were  then  con¬ 
verted  to  calculated  current  values  and  were  compared  with  the  mea¬ 
sured  values.  Absolute  voltage  measurements  were  taken  at  the  OUT 
pins  and  were  compared  with  the  measurements  at  the  sense  line  out¬ 
puts  and  finally  load  regulation  measurements  were  checked  on  an 
oscilloscope  using  a  differential  input  pre-amplifier  capable  of 
measuring  10  uV’/cm  while  the  load  current  was  changed  the  specified 
amount.  The  actual  output  voltage  measurements  at  the  Dl’T  were  then 
compared  to  the  differential  amplifier  output  measurements. 
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I.t-ncli  Tests 


3  .  3  .  2 

Dynamic  tests  tot  the  volt ace  regulators  include  a)  ripple  rejection, 
b)  line  transient  response,  c)  load  transient  response  and  d)  output 
noise,  these  tests  were  run  on  the  1.M117  and  LM137  adjustable  voltage 
regulators.  No  dynamic  tests  were  run  on  the  78MG,  78G,  79M9  and  79c 
because  of  tneir  similaritv  to  the  7800  and  7900  voltage  regulator 
families  which  were  characterized  on  a  previous  contract. 

Bench  test  circuit  schematics  are  shown  in  Figures  3.19  thru  3.26.  The 
noise  test  circuit  schematics  are  shown  in  Figures  3.19  &  3.20.  The 
test  is  performed  using  an  oscilloscope  witli  a  differential  preamplifier 
that  has  bandwidth  control.  The  bandwidth  was  set  to  have  a  pass  band 
from  10  Hz  to  10  kHz  and  t lie  peak-t o-peak  measurement  of  the  noise  was 
made.  The  ripple  rejection  test  circuit  schematics  are  shown  in  Figures 
3,21  &  3.22.  The  test  was  performed  using  the  above  oscilloscope. 

The  bandwidth  was  adjusted  to  reduce  the  high  frequency  noise  without 
affecting  the  2400  Hz  ripple  frequency.  The  2400  Hz  ripple  at  the 
regulator  was  measured  on  the  oscilloscope  as  a  peak-to-peak  voltage. 
Line  transient  response  and  load  transient  response  test  circuit 
schematics  are  shown  in  Figures  3.23  thru  3.26.  The  peak  measurements 
were  made  on  a  high  frequency  oscilloscope. 

3.4  Test  Results  and  Evaluation  of  Data 

3.4.1  LM117H  Adjustable  Positive  Voltage  Regulator 

Tabulation  of  static  test  data  taken  on  the  S-3263  Automatic  Tester 
for  the  LM117H  Adjustable  Positive  Voltage  Regulators  is  shown  in 
Tables  3.12  thru  3.14.  Because  of  the  small  sample  of  ten  devices 
statistical  analysis  of  the  data  was  not  performed.  All  of  the  devices 
save  one  met  all  of  the  parameter  tolerances  recommended  by  JC41  Sub¬ 
committee  on  voltage  regulators.  The  one  device,  serial  number  4, 
failed  load  regulation.  The  specification  for  this  parameter  is 
'  3.5  mV.  The  measured  value  was  -4.75  mV.  Analysis  of  this  failure 
was  done  by  measuring  the  device  parameter  in  a  bench  set  up  using  an 
oscilloscope.  Pictures  of  the  measurements  were  taken  at  the  case, 
on  the  output  lead  1/8  inch  below  the  case,  and  on  the  output  lead 
3/8  inch  below  the  case  and  are  shown  in  Figures  3.27  thru  3.29, 
respectively.  The  load  regulation  measurements  at  these  points  were 
approximately  1  mV,  4.5  mV  and  9  mV,  respectively.  As  a  result  of 
contact  with  the  vendor,  on  this  and  other  similar  failures  reported 
herein,  it  was  learned  that  the  leads  on  the  TO-5  type  cases  are  made 
of  Kovar.  The  resistivity  of  Kovar  can  be  as  much  as  28  times  that  of 
copper  (see  reference  5  ,  section  3.6).  This  high  resistivity  is 
the  reason  for  the  high  load  regulation  measurements.  The  results  and 
recommendations  associated  with  this  problem  are  discussed  in  Section 
3.5.2. 
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Two  units,  serial  ir  mbers  5  and  ii ,  tailed  thermal  regulation  at  -55 
Since  this  measurement  is  not  recommended  at  either  -53' C  or  125  C. 
these  devices  were  not  considered  failures.  However,  these  two  units 
have  been  sent  to  the  vendor  tor  their  measurement  and  analysis. 

Tabulation  ot  dynamic  test  data  taken  in  a  bench  test  set  up  tor  the 
LMll/’H  Adjustable  Positive  Voltage  Regulators  is  shown  in  Table  3.15. 
The  tests  were  performed  at  25' C  and  are  of  a)  ripple  rejection,  r>) 
output  voltage  noise,  c)  line  transient  response  and  d)  load  tran¬ 
sient  response.  All  of  the  bench  measurements  made  on  these  devices 
were  stable  and  showed  reasonable  sate  margin  lor  the  recommended 
tolerances.  Oscillographs  of  the  Line  and  l.i  ad  Transient  Responses 
are  shown  in  Figures  3.30  and  3.31. 

3.4.2  LM117K  Adjustable  Positive  Voltage  Regulators 

Tabulation  of  static  test  data  taken  on  the  S-32('3  Automatic  Tester 
for  nine  LM117K  adjustable  positive  voltage  regulators  is  shown  in 
Tables  3.16  thru  3.18.  All  of  the  devices  met  the  tolerances  recom¬ 
mended  by  the  JC41  Subcommittee  on  Voltage  Regulators. 

Tabulation  of  dynamic  test  data  taken  in  a  bench  test  set  up  is  shown 
in  Table  3.19.  All  of  the  devices  met  the  tolerances  recommended  by 
the  JC-41  Subcommittee  on  Voltage  Regulators.  Oscillographs  of  the 
line  and  load  transient  responses  are  shown  in  figures  3.32  and  3.33. 

3.4.3  LM137H  Adjustable  Negative  Voltage  Regulators 

Tabulation  of  static  test  data  taken  on  the  S-3263  Automatic  Tester 
for  ten  LM137H  Adjustable  Negative  Voltage  Regulators  is  shown  in 
Tables  3.20  thru  3.22.  All  of  the  devices  failed  load  regulation  for 
current  changes  from  5-to-500  mA.  The  vendor  was  contacted  on  this 
matter  and  confirmed  the  problem.  The  vendor  has  issued  a  letter  on 
this  problem  and  recommends  that  the  current  changes  be  reduced  to  5* 

'  *to-200  mAl  Th'e‘ devices  met  "all  of  her  pa’ramete'r  toleVances  "recommended 
by  the  JC-41  Subcommittee  on  Voltage  Regulators. 

Tabulation  of  dynamic  test  data  taken  in  a  bench  test  set  up  is  shown 
in  Tables  3.23.  The  devices  met  all  of  the  parameter  tolerances  recom¬ 
mended  by  the  JC-41  Subcommittee.  Oscillographs  of  the  line  and  load 
transient  responses  are  shown  in  Figures  3.34  and  3.35. 

3.4.4  LM137K  Adjustable  Negative  Voltage  Regulators 

Tabulation  of  static  test  data  taken  on  the  S-3263  Automatic  Tester 
for  eight  LM137K  Adjustable  Negative  Voltage  Regulators  is  'shown  in 
Tables  3.24  thru  3.26.  The  devices  met  all  of  the  parameter  tolerances 
recommended  by  the  JC-41  Subcommittee. 


Tabulation  of  dvnamic  test  data  taken  in  a  bench  test  setup  is  shown 
in  Table  3.2;.  The  devices  met  all  ot'  the  recommended  parameter 
tolerances.  Oscillographs  ot  the  line  and  load  transient  response 
are  shown  in  figures  3.36  and  3.37. 

.4.3  Comparison  of  Test  Data  on  3-terminal  Devices 

The  average  values  of  the  measurements  of  the  3-terminal  adjustable 
voltage  regulators  is  shown  in  Tables  3.28,  3.29  &  3.30  for  temperatures 
ot  25  C,  -  55  C  6  125  C,  respectively. 

.4.6  Four-terminal  Devices 

Because  of  the  similarity  in  the  design  of  the  4-terminal  adjustable 
regulators  to  their  3-terminal  fixed  voltage  counterparts,  a  full 
characterization  effort  of  these  devices  was  not  originally  planned. 

Some  one  ampere  negative  adjustable  regulators  with  date  codes  7639 
showed  some  anomalies  in  their  electrical  performance.  Devices  with 
more  recent  date  codes  have  been  requested  from  the  vendor  and  data 
will  be  obtained  on  these  parts  for  the  next  report. 
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3.5  Conclusions  and  Rc commendat ions 
3.5.1  Test  Circuits 

The  large  currents  ( y  1  Amp)  required  to  test  these  and  future  voltage 
regulators  cannot  be  supplied  or  controlled  by  most  automatic  test 
systems.  The  test  circuits  designed  for  tesLing  these  voltage  regula¬ 
tors  are  capable  of  interfacing  with  external  power  supplies  and 
forcing  the  DUT  input  voltage  levels  and  output  load  current  levels. 

The  power  Darlington  transistors  can  readily  carry  and  control  the 
5  amps  needed  for  the  short  circuit  current  and  start-up  tests;  how¬ 
ever,  future  voltage  regulators  needing  2-3  times  this  current  will 
require  different  Darlington  transistors  than  those  used  for  these 
characterization  efforts.  The  op  amps  used  in  these  test  circuits 
have  relay  switches  connected  to  their  inputs  that  change  their  oper¬ 
ating  mode  during  the  test.  Because  of  these  switches,  special  stabi¬ 
lizing  circuits  may  be  required  for  the  op  amps. 

The  low  level  input  circuits  can  be  controlled  by  any  automatic  test 
system  capable  of  forcing  voltages  between  +  15  volts  and  -  15  volts. 
Although  the  test  technique  for  measuring  line,  load  and  thermal  reg¬ 
ulation  was  adequate  for  these  characterization  efforts,  it  required 
a  DC  voltage  standard.  A  more  complex  circuit  is  shown  in  Figure  3.38 
which  may  be  more  desirable  for  production  testing  when  additional 
resolution  is  needed  by  the  test  system. 
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The  regulator  output  is  simultaneously  applied  to  the  input  of  the 
sample/hold  amplifier  and  to  one  input  line  of  the  summing  amplifier. 
Prior  to  a  time  t  =  t0,  the  S/ll  amplifier  is  in  the  sample  mode.  At 
t  =  t0.  the  S/H  amplifier  is  switched  to  the  hold  mode.  After  settling, 
the  output  voltage  of  the  summing  amplifier  is  measured.  This  voltage 
is  an  error  signal  (E)  and  is  nominally  0  volts.  At  t  =  t \ ,  the  reg¬ 
ulator  is  stimulated  to  a  new  line/load  condition.  At  a  predetermined 
time  after  this  (ie  .5  ms),  the  output  voltage  (Vs)  of  the  summing 
amplifier  is  measured.  This  measurement  is  proportional  to  the  dif¬ 
ference  between  the  voltage  regulator  output  at  t^  +  .5  ms  and  the 
voltage  regulator  output  at  tQ.  From  these  measurements  we  can  cal¬ 
culate  that  the  regulation  is 
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3.5.2  Devices  Under  Test 

The  voltage  regulators  discussed  in  this  section  were  tested  on  the 
S-3263  to  determine  their  static  electrical  characteristics  at  25°C, 
-55' C  and  125eC.  The  devices  were  also  tested  in  a  bench  type  test 
setup  to  determine  their  dynamic  (ie.  transient  AC)  electrical  charac¬ 
teristics  at  25<;C.  The  data  shown  in  Tables  3.12  thru  3.27  indicates 
absence  of  data  from  some  parts.  These  parts  failed  during  test  devel¬ 
opment  as  a  result  of  improper  voltages  or  polarity  being  applied  to 
the  regulators.  None  of  the  devices  is  known  to  have  catastrophically 
failed  in  an  operating  test  circuit. 

The  most  significant  parameter  failure  was  the  failure  of  load  regu¬ 
lation  for  the  LM137H  voltage  regulator.  The  vendor  has  confirmed 
these  failures  and  suggests  that  load  regulation,  for  V£n  =  -  6.25  V, 
be  performed  for  5  mA  ^  1^  ^  200  mA.  OS  agrees  with  this  decision; 
however,  since  the  part  is  a  500  mA  voltage  regulator,  it  should  also 
have  a  load  regulation  test  performed  for  5  mA  II  ^  500  mA.  OS  also 
recommends  that  the  limits  shall  be  t  20  mV  at  25cC  and  i  25  mV  for 
-  55‘  C  <  Ta  ^  125cC. 

There  is  evidence  in  the  published  literature  (reference  6,  Section 
3.5)  that  start-up  and  voltage  recovery  problems  exist  in  some  3- 
terminal  fixed  voltage  regulators.  When  the  output  of  the  regulator 
is  shorted  to  ground  under  conditions  of  high  input  voltage,  the  safe 
area  protection  circuit  turns  on  and  may  force  the  regulator  output 
current  to  zero.  Under  these  conditions,  the  safe  area  protection 
circuit  maintains  a  zero  current  condition  even  after  the  short  is 
removed.  Consequently,  the  voltage  regulator  may  not  recover  from  a 
short  circuit  condition  until  the  input  voltage  is  removed  and  then 
reapplied.  The  timing  sequence  (shown  in  Figures  3.12  and  3.13)  has 
been  devised  by  OS  to  provide  a  rapid  start-up  condition  into  a  maximum 
load  resistance  to  insure  start  up  with  a  voltage 
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step  function,  from  0  to  Vin,  at  the  DUT  input,  b)  a  short  circuit 
condition  at  the  output  to  measure  the  current  limit  and  c)  voltage- 
recovery  check  to  insure  that  the  device  will  recover  under  a  maximum 
resistive  load  co  dition  when  the  short  circuit  is  removed.  This  test 
has  been  recommended  by  OS  to  provide  functional  assurance  of  the 
device's  start-up  capability  under  adverse  system  conditions.  The 
test  conditions  and  parameter  tolerances  recommended  by  OS  and  the 
JC-41  Subcommittee  on  Voltage.  Regulators  are  shown  in  Tables  3.29  thru 
3.36. 


IP 


Bibliography 

1.  Voltage  Regulators  Handbook:  Andy  Adanian,  Fairchild 
Camera  and  Instrument  Corporation,  1978. 

2.  Voltage  Regulator  Handbook;  Nello  Sevastopoulos  et  al. 

National  Semiconductor  Corporation,  1978. 

3.  RADC-T R-78-22  Final  Technical  Report:  J.  S.  Kulpinski 

et  al.  General  Electric  Company  1978.  (A052357) 

4.  RADC-TR-78-275  Final  Technical  Report:  J.  S.  Kulpinski 
et  al.  General  Electric  Company,  1979.  (A065997) 

5.  Reference  Data  for  Radio  Engineers;  H.  P.  Westman,  editor. 
International  Telephone  and  Telegraph  Corporation,  1957. 

6.  Designer's  Guide  To:  IC  voltage  regulators:  Robert  C.  Dobkin, 
National  Semiconductor  Corp.,  EDN  August  20,  1979  and  September 
5,  1979. 


111-21 


(Top  view)  (Bottom  view) 

Figure  3.7.  Voltage  Regulator  Test  Adapter.  Figure  3.8.  Voltage  Regulator  Test  Adapter. 
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Figure  3.9.  Positive  voltage  regulator  test  circuit  for  static  t 
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3.9.  positive  voltage  regulator  test  circuit  for  static  tests  (cont  d) 
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Figure  3.10.  Negative  volta.-. 
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Negative  voltage  regulator  test  circuit  for  static  tests 
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Figure  3.12,  Positive  voltage  regulator  timing  sequence  for  VStart 
IqS  Vf)UT  RECOV . 
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100  V  Range  =  -(O.yf,  of  Reading  ♦  200  MV  +  .054  of  Range) 


Notes : 


1.  The  meter  for  measuring  eorms  shall  have  a  minimum  bandwidth  from 
10  Hz  to  10  kHz  and  shall  measure  true  rms  voltages. 

2.  N0  =  e0  rms. 

3.  The  control  pin  connection  is  required  for  device  types  01  and 
02  only. 

Figure  3.19.  Noise  test  circuit  for  positive  voltage  regulators. 
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Device  Table 


Device 

TyPe 

01 

79  MS 

02 

79  G 

03 

LM137H 

04 

LM137G 

VIN 

-10  V 

-10  V 

-6.25V 

-6.25  V 

Rl 

100^L 

50jtu 

25_n. 

12.5_flu 

shall  be  type  RES  70  or  equivalent. 


Notes; 


1.  The  meter  for  measuring  eormS  shall  have  a  minimum  bandwidth  from 
10  Hz  to  10  kHz  and  shall  measure  true  rms  voltages. 

2.  N0  =  eQ  rms. 

3.  The  control  pin  connections  and  resistors  (Ri  and  R2)  are  required 
for  device  types  01  and  02  only. 


Figure  3.20.  Noise  test  circuit  for  negative  voltage  regulators. 
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Device  Table 


Device 

Type 

01 

78  MG 

02 

78  G 

03 

LM117H 

04 

LM117K 

Vim 

10  V 

10  V 

6.25  V 

6.25  V 

rl 

40. 2  A 

14.3.,^. 

10_n. 

2.5./1. 

The  input  50.A.  resistor  and  RL  shall  be  type 
RER  70  or  equivalent. 


Notes: 

1.  e£  =  1  Vrmg  @  f  =  2400  Hz  (measured  at  the  input  terminals  of  the  DOT) 
ripple  rejection  =  2-  log  ei  ms 

eQrms 

2.  The  control  pin  connection  is  required  for  device  types  01  and  02  only. 


Figure  3.21.  Ripple  rejection  test  circuit  for  positive  voltage  regulators. 


III-37 


Figure  3,22.  Ripple  rejection  test  circuit  for  negative  voltage  regulators 


_  Devi ci-  Table 

Device  -01  !  02  03  '  04 


Tc^e 

78  MG 

78  i; 

LM1 17H 

i.Ml  17t; 

VIN 

10  V 

10  V 

b  .  2  5  V 

b,  25V 

__  Yin 

’  3.0  V 

3.0  V 

3.0  V 

3.0  V 

1.25K.O. 

1.25^ 

1  20  at. 

1 20.ee 

,  tPHL= 

tPL!li  3*0lis 

L  _  - L 

5.0us 

-  U 

5 .  Ou  s 

5.0us 

1 

4 

j 

i 


Notes : 

1.  Measured  at  device,  input. 

2.  Pulse  width  tpj  =  25  us;  duly  cycle  i.  (maximum) 

3.  Oscilloscope  bandwidth  =  5  MHz  to  15  MHz. 

4.  The  control  pin  connection  is  required  fer  device  types  01  and  02. 


i-'icure.  3.23.  I.ine  transient  response  List  circuit  tor  positive  volt  ace 
recu lat  ors . 


I 


i  r  i  -  3  9 


^  Sense 


Device  Table 


Device 

■"or r 

'  02 

”  0  3  ” 

04 

T  vpe 

7  8  MG 

78-.. 

!.Ml  1 7  H 

i..Mi  r,(. 

in 

0 

0 

24  9  ti . 

24  y 

R2 

5.0K.,r~ 

5  *  ok  /\ 

0 

0 

IL 

-50mA 

- 1 OOnvX 

-  50mA 

- 1 00mA 

'L 

-200mA 

- 400mA 

-200nA 

400mA 

Vi 

-0.49V 

-0.99V 

-0.45V 

-0. 93V 

yj.  . 

-2.0V  , 

-4.0V 

-2.0V 

-4.0V  . 

Ik  iirv  3.23.  Load  transient  response  test  «.  i  re-,  i  l  tor  .  esit‘;\e  volt  a  -e 
ret'ii  iat  ors . 


I  r  r-*i 


r 

i 


-urn-nt  paths  (i  I  .  OA )  arc  indicated  by  bold  lines. 

si  Ivin  .nun-c  t  1  >«ns  mast  be  used  lor  all  output  current  and  voltage 
ir.  -asu  .■'orient  s  . 

Op  amp  stabilization  networks  mav  vary  with  test  adapter  construction. 
Alternate  drive  circuits  tor  the  2N6294  may  be  used  to  develop  the 
proper  load  current  and  input  voltage  pulses. 

ho  pulse  .'riier.it  or  lor  the  pulse  load  circuit  shall  have  the  following 
ili.ir.ii  tcriht  its.  tsei.'  device  Table  1  I  0 

a  voltave  level  (V  j  )  =  -  10  (1^  -  Vo/(Rp  +  R2)  volts 

h.  I’ulse  width  <tp2)  *  25  u  sec. 
r  •  duly  cycle  =  3  (maximum) 

<•1  •  t-THI.  =  t|  |H  -  1-0  usee  for  device  types  01  and  02 
c  t  pup  =  t||  ||  =  5..0  usee  for  device  types  03  and  04 
t  Dilterence  voltage  level  (,/'V|)  =  10  (Ip)  volts 

1.  /’•.  V(H,t  -  300  mV  maximum  for  device  type  01 

h.  Vout  =  1000  mV  maximum  for  device  type  02 

c .  /  -'>  out  “  120  mV  maximum  lor  devices  type  03  and  04 

(These  values  guarantee  the  specified  limits  for  load  transient 
response. . ) 

nsi  i  1  iosc.-pe  minimum  bandwidth  shall  be  9  MHz  to  15  MHz. 


•  :oad  ti  ansient  response  test  circuit  tor  positive  voltage 
a  _ ; i  lat  cs  ;  c  ont  ’  d  .  1 . 
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Device  Table 


Dev  i  ce 

01 

"  02 

03 

02 

T  vpe 

7  9MG 

7  9'. 

LM 13711 

LM 137k 

Rl 

2.2 iKj 

2.21K 

249  o. 

24  9  a 

R2 

2.74Kx 

2.74K 

r  0 

6  H 

»L 

30tiA 

10  OmA 

30m\ 

100  nA 

1 L  J 

200mA 

400mA 

200  n\ 

400mA 

Vl 

0.49V 

0.99V 

0.43V 

0.93V 

Vi 

2.0  V 

4.0  V 

2-.9\ _ 

4.0V 

Figure  3.24 


L.oad  transient  response  test  circuit 
reviilat  urs. 


I  I  I-V3 


'.or  necal 


Not  Oh  ; 

l  heavy  uirri'iU  path  ( I  C’.  1.0A)  art'  indicated  by  bold  lines. 

1.  Kelvin  connections  must  be  used  for  all  output  current  and  voltage 
measurement s. 

1.  Op  amp  stabi I i zat ion  networks  may  vary  with  test  adapter  construction. 
Alternate  drive  circuits  for  the  2N6296  may  be  used  to  develop  the 
proper  Load  current  and  input  voltage  pulses. 

4.  The  pulse  generator  for  the  pulse  load  circuit  shall  have  the  following 
characteristics.  (see  device  table) 

a.  Voltage  level  (Yj)  =  10  (1^  -  Vo/(Rj  +  R2)  volts 

b.  Pulse  width  ( t p 2 )  =  25  u  sec 

c.  Duty  cycle  =  3?  (maximum) 

d„  It  HI.  =  c  rt.H  =  1.0  u  sec  for  device  types  01  and  02 
e.  tj'HL  =  1 1  lh  =  5.0  u  sec  for  device,  types  03  and  04 
i.  Difference  voltage  level  (A  V[)  =  10  (II)  volts 

5.  a.  .'iVin,i  =  500  mV  maximum  for  device  type  01 
b.  (M’,,,,!  *  1000  mV  maximum  for  device  type  02 

c  ,  =  40  mV  maximum  for  devices  type  03  and  04 

(These  values  guarantee  the  specified  limits  for  load  transient 
response.) 

b ,  Oscilloscope  minimum  bandwidth  shall  be  9  MHz  to  15  MMz. 

ii..n  lead  transient  response  test  circuit  for  negative  voltage 

regulators  (cont'd). 


i 

! 

5  -'/^r f  ? 

'  | 

*"'r 

'•  '  ‘:i'-  '■! 

'.Ml  1 

h  load  re 

.ml at  ion  measured  3/8"  below 

I.Ml  1 7  tl 

Line 

T  rans ient 

Response 

!  l.  m  -  3  piV 

l  mt-  /  >.  m  -  ') 

us 

('nil  >f2 

1  1  .  H  lim  t  i'aniU’il  rt-s;'onst  test. 


I  I  I  -  ^ 


>•■1-  .  ;u.isieiii  iiiiS^i'i)s« 


I  us 


,  n  i  t  L 


i,..  t.  .3).  .  ss  i  l  iv>..  rap  m  './ll  ►  load  transient  response  test. 


L S1 1  3 7 H  i.ine  Transient  Response 

V/cm  =  .020  Unit  41 

( ime/cm  =  5  us 


'iri'  i.ij.  . 's  i  1  hv  rap:,  oi  l_.;lj?i!  line  transient  response  test. 


111-48 


I  .M  I  J / K  I  oau  Transit-in  itcspi-nse 


W -in  -  .02  in il  --1 

!  inie/cm  -  3  us 


sv  i  1  I  nil  rapi.  for  L>ilj"K  load  transient  response  test 


i  i  I  -  30 


T£ SI Pcft  AT URc  (  °c) 

Figure  3.39.  Average  Line  Regulation  versus  Temperature. 

VAlC4j?(^ 


TcMPSP  drupe  C  cC) 


Figure  3.40.  Average  Load  Regulation  (#2)  versus  Temperature 


T£MPir  RATuRc 


m  ^4  Lstm  k 


- - - 6  LMm  H 

-1U*|*4**1 


f5te4j€J^|4i| 

(°c) 


t  /u  i  c 


Figure  3.41.  Average  Load  Regulation  (#1)  versus  Temperature. 
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rcrtPcKATafie  c  °c) 


Figure  3.43.  Average  Adjustment  Pin  Current  versus  Temperature. 
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----- . i - 4 - J - 1- 

tJL  (T  "( 

a  run  a  c  °c ) 


i-l  2  i  c 


Figure  3.44.  Average  Change  of  lADJ  with  Line  Voltage  versus 
Temperature. 


c-i  (  M  ) 
U64J>  )  '  J. 
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m  ij~ 

-m 

-  f :  ■ 

•  i  ■’ 

t  • . 

7- 

r  "~r  :r 

, , - :  r- 

l_  l  :  j  V . : | .  ii: 


rr: AI  !*  , 


-5Sc 


+2S  c 

Tz/ifcA  Aruttr 


r/J.  si. 


Figure  3.45.  Average  change  of  I^Dj  with  Load  Current  versus 
Temperature. 
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1 

1’  a  t  amo  iCi 

— 

>o  v  ice 

: 

i  Limits 

required  1 

Test  Accuracy  j 

S-3260  Basic 
Mcas.  Accuracy 

S-5260  Test 
Result 

' 

Units 

|  Low 

1  li  i  p  li 

_ 

10:  l 

^1 

i/ 

I.MI  >  / ; i  ,  K 

1  -  i .  2  7  5V 

-  1.225V 

•2.5 

■0.25 

• 2b . 2-2o . 3 

*  3.4-3. 5 

viuti-voita 

i.miwh,  k  i:-i.200v; -i.ioov 

•  5 

12.5 

•20.2-26.3 

*  3.4-3. 6 

■ 

V  Hi.  INI- 

l.Mil/ii,  + 

«  -  C 

*•> 

.5 

B8SH 

•52.4-52.6 

EH 

9 

I.Ml  1  .'M,  N 

1 

.  9 

2.25 

•52.4-52.6 

•  .42 

li 

VRLOADi 

I.MI  3  / 1 1 .  K 

j-n 

+f> 

•0.6 

•  1.5 

♦52.4-52.6 

•  .42 

I 

1.MU7II,  K 

eh 

+3.5 

■0.35 

•  .88 

■52.4-52.6 

+  .42 

■1 

VR1.0AD2 

1.MI17H,  K 

BBI 

+6 

•  .6 

•  1.5 

•52.4-52.6 

-  .42 

9 

I.Ml  1 /'II,  K 

H5 

+  3.5 

0.35 

■  .88 

•52.4-52.6 

•  .42 

B 

VRTH 

I.MI  3. 'll,  K 

-s 

+5 

_ 

*  1.25 

•52.4-52.6 

•  .42 

■ 

-  5 

+5 

■  .5 

*  1.25 

•52.4-52.6 

■  .42 

E 

91 

tAn.i  l 

I.M137II,  K 

*-25 

+  100 

•6.2 

*15.6 

+  .425-. 800 

• .007-. 014 

I.Ml  1711,  K 

-100 

-15 

‘5.75 

■14.38 

.375-. 800 

• .005-. 014 

| 

m 

I  A!).!  2 

I.Ml  }7||,  K 

4-25 

t  100 

■6.2 

•  15.6 

•  .425-. 800 

• .007-. 014 

I 

1 

I.Ml  1  III,  K 

-  !00 

-  1  5 

■5.75 

14.38 

'  .37 5-. 800 

,005-. 014 

1 

9 

IUADJ1 

I.MIKII,  K 

-  ) 

+  5 

•5 

‘  1.25 

•  .85-1.6 

• .014-. 028 

1 

9 

i.mU/ii,  k 

-5 

+  5 

,  ^  C 

■  1.25 

•  .  75-1.6 

* .01-. 028 

i 

m 

0IADJ2 

LM137H,  K 

IBM 

+5 

* .  3 

•1.25 

?  .85-1.6 

7 .014-. 028 

I 

I.Ml  1  /'II,  K 

5S 

+5 

1  .5 

•1.25 

•  .75-1.6 

: .01-. 028 

K 

9 

LM13/I1 

hoo_ 

1800 

■65 

*  162.5 

•  .725-6.98 

* .725-6.98 

IOSI  6 

I.Ml  37k 

?r.<ws* 

3500 

riu— 

‘250 

•7-.  25-7. 45 

*7.25-7.45 

i 

m 

IPEAK 

I.M1I7H 

■  Ll.T.— 

IBOB 

• .725-6.98 

+  .725-6.98 

mam i 

\mm 

mm 

‘2  50 

:  7 . 25-7 .45 

IBBSH 

I 

9 

T.M  13711 

ho  _ 

500 

1*22.5 

•56.25 

+.16-.725 

I+.16-.725 

1 

■ 

ros2 

■  11  If— 

IE&M 

800 

+  75 

* . 74-. 76 

irmri 

I 

9 

I.Ml  1 7 li 

-50 

■KM 

• .725-. 16 

nmi  rural 

9 

LMl 1 7K 

-800 

-200 

1 30 

' .76-. 74 

+.76-. 74 

1 

9 

IQl,  IQ2 

LM137H,  K 

.200 

3 

i  140 

+  350 

+  3.5-40 

+.37-1.54 

LMU7H,  K 

-3 

-.500 

1  L25 

*312.5 

+  5-40 

+3.76-0.4 

i 

m 

IQ3 

LM137H,  K 

1 

5 

+  200 

i  500 

+30-50 

+3.6-4.15 

1 

.1 

. 

LM117H,  K 

-5 

-1 

+  200 

+  500 

+30-50 

+4.15-3.6 

_ 

U 

U 

NOTES;  1/  ‘S-3260  Basic  Meas.  Accuracy"  Indicates  the  accuracy  obtainable  using  the 

S-3260  test  system  to  measure  the  parameters  directly. 


It  "S-3260  Test  Result  Accuracy"  indicates  the  accuracy  obtained  using  external 
circuitry  and  external  measurement  equipment  under  S-3260  control. 
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Table  3.13.  (cont'd) 
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POS.  ADJ.  UOLTAGE  REGULATORS-IM1 1?H j  TEMPERATURE*  125  DEG  C  j  10  MAY  79 
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Table  3.19.  POS.  ADJ.  VOLTAGE  REGULATOR  -  LM117K  T*  =  25°C  6-15-79  (cont'd) 


NEG.  ADJ.  VOLTAGE  REGULAT0RS-LH137H j  TEMPERATURE:  35  DEG  C  j  01  MAY  79 
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NEC.  ADJ.  VOLTAGE  REGULATORS- LH137Hj  TEMPERATURE:  25  DEG  C  ;  01  NAV  79 
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Table  3.21. 

NEC.  ADJ.  VOLTAGE  REGUtAT0RS-LMl37Hj  TEMPERATE »E i  -55  DEG  C  ;  01  HAY  ?9 
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3.23.  NEG.  ADJ.  VOLTAGE  REGULATOR  -  LM137H  T*  =  25°C  6-15-79  (cont'd) 


NEG.  ADJ .  VOLTAGE  REGULAT0RS-LM137IC j  TEMPERATURE  *  25  DEG  C  >  30  APR  79 
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Table  3.28.  Comparison  of  3-Terminal  Device  Data  (25°C) 


Cond it  ion 

1 - ? 

Parameter 

IvinIOO 

|lt|(tnA.) 

LM117H 

LM117K 

LM137H 

LM137K 

Units 

VoUTl 

4.25 

5 

+1.240 

+1.246 

-1.252 

-1.255 

f 

V 

V0UT2 

4.25 

I  MAX 

+1.233 

+1.245 

-1.245 

-1.250 

!  V 

V0UT3 

41.25 

5 

+1.247 

+1.251 

-1.255 

-1.257 

V 

Vout4 

41.25 

X1 

+1.245 

+1.248 

-1.254 

-1.257 

,  V 

1 

VRLINE 

4.25] 
41. 25j 

5 

+5.771 

+4.235 

-2.477 

-2.418 

mV 

VRLQADl 

6.25 

5  ] 

-5.237 

-  .050 

+11.39 

+4.722 

mV 

XMAX  j 

vRL0AD2 

41.25 

5  ] 

-1.663 

-2.174 

+1.041 

+  .749 

j  mV 

X1  i 

j  VRTH 

1 

41.25 

1 2 

+2.941 

+3.142 

!  mV 

14.60 

13 

+  .430 

+1.032 

mV 

;  XADJ 1 

4.25 

5 

-50.11 

' 

-55.761 

+68.64 

+66.78 

1  uA 

i  (LINE) 

|  TADJ2 

41.25 

5 

-50.74 

-56.127 

+71.67 

+69.78 

!  uA 

!  (LINE) 

:  4  Iadj 

4.257 

5 

-  .635 

-  -365 

+3.026 

+3.003 

1  ^ 

l  (LINE) 

41.25J 

! 

i  ^  XADJ 

6.25 

5  ) 

-  .682 

-  .155 

-1.090 

-  .519 

uA 

(LOAD) 

IMAX  \ 

: 

1 

i  x0Sl 

4.25 

V0UT=0V 

-1.240 

-2.711 

+1.216 

+2.294 

A 

!  V0lfr  RECOV 

+1.236 

+1.247 

-1.241 

-1.250 

'  V 

X0S2 

40.00 

Vqut'OV 

-  .226 

-  .471 

+  .340 

+  .614 

A 

V0UT  RECOV 

+1.249 

+1.251 

-1.254 

-1.257 

V 

XPEAK 

4.25 

^vout1  -i.ov 

-1.241 

-2.409 

+1.221 

+2.340 

A 

Vqut  RECOV 

+1.236 

+1.247 

-1.241 

-1.250 

1  v : 

IQl 

4.25 

IVouti  *1.4V 

- 1 ;  2  93 

-1.318 

+  .408 

+  .414 

mA 

IQ2 

14.25 

IV0ut1=1.4V 

-1.443 

-1.670 

+  .478 

+  .554 

'  mA 

IQ3 

41.25 

IvootI 

-3.487 

-3.729 

+1.913 

+2.034 

mA 

VSTART 

4.25 

XMAX 

+1.234 

+1.246 

-1.241 

-1.250 

V  : 

» 

XMAX  " 

-500 

-1500  ’ 

+500 

+1500 

"1 - t 

mA  1 

II  = 

-  50 

-  200 

+  50 

+  250 

1  i 

x2  = 

-125 

-  500 

- 

- 

mA  j 

X3  = 

~ 

+750 

+1500. 

1 
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Table  3.29.  Comparison  of  3-Terminal  Device  Data  (-55°C) 


Condition  1  T  ! 


Parameter 

]vin|(v) 

|ltJ  (mA) 

LM117H 

LM117K 

LM137H 

LM137K 

Units 

vOUTl 

4.25 

5 

+1.240 

+1.246 

-1.253 

-1.252 

V1 

V0UT2 

4.25 

XMAX 

|  +1.234 

+1.245 

-1.244 

-1.248 

V 

V0UT3 

41.25 

5 

I  +1.245 

+1.249 

-1.256 

-1.255 

V 

V0OT4 

41.25 

*1 

+1.244 

+1.247 

-1.256 

-1.255 

V 

VRLINE 

4.25T 

5 

44.830 

1  +3.192 

-3.846 

-3.620 

mV 

41. 25  j 

VRLOADl 

6.25 

5? 

+  .328 

+  .842 

+8.642 

+3.195 

mV 

IMAX  j 

V  RLQA.D2 

41.25 

5  7 

-  .927 

+  .943 

+  .927 

+  .537 

mV 

IlJ 

VKTH 

41.25 

I2 

+4.083 

+3.657 

— 

mV 

14.60 

*3 

— 

-  .124 

+  .057 

mV 

TADJl 

4.25 

5 

-46.51 

+74.10 

+70.97 

uA 

(LINE) 

XADJ2 

41.25 

5 

-42.30 

-46.76 

+77.31 

+74.36 

uA 

(LINE) 

A  XADJ 

4.25T 

5 

-1.729 

-  .249 

+3.200 

+3.381 

uA 

(LINE) 

41.25 j 

Atadj 

6.25 

5  1 

-1.435 

-  .382 

-1.568 

-  .832 

uA 

(LOAD) 

ImAX  j 

XOSl 

4.25 

vOUT“0v 

-1.258 

-2.751 

+1.192 

+2.241 

A 

Vnlrr  RECOV 

+1.238 

+1.246 

-1.244 

-1.248 

V 

I0S2 

40.00 

voirr"ov 

-  .329 

-  .698 

+  .387 

+  .736 

A 

Vnirr  RECOV 

+1.248 

+1.249 

-1.256 

-1.255 

V 

IPEAK 

4.25 

1»vout/““1'ov 

-1.262 

-2.315 

+1.202 

+2.192 

A 

V0UT  RECOV 

+1.237 

+1.245 

-1.244 

-1.248 

V 

IQl 

4.25 

•v0ut|  =*1.4v 

-1.052 

+  .315 

+  .334 

mA 

IQ2 

14.25 

IVourl  “X-4v 

-1.380 

-1.461 

+  .410 

+  •  486 

mA 

XQ3 

41.25 

ivourl-i^v 

-3.377 

-3.632 

+1.964 

+2. 107 

mA 

VSTAKT 

4.25 

tMAX 

+1.235 

+1.245 

-1.244 

-1.248 

V 

-500 

.  1 

mA 

T1  “ 

-  50 

mA 

1 2  " 

-125 

-  500 

- 

- 

mA 

13  - 

- 

+750 

+1500 

mA 
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Table  3.30.  Comparison  of  3-Terminal  Device  Data  (125° C) 


i 

I  Parameter 


!  V0UT1 
V0UT2 
;  V0UT3 
vOUT4 

v KLINE 

VRLQADl 

VRL0AD2 

VRTH 

!  tadji 
(LINE) 
XADJ2 
(LINE) 
^IADJ 
(LINE) 

AIadj 

(LOAD) 

xOSl 

v0UT  recov 

xOS2 

V0UT  RECOV 

xpeak 

V0UT  RECOV 

IQl 

1Q2 

IQ3 

i  ^ START 


XMAX 
Tl  - 

[2  * 
[3  - 


Condition 

' 

LM117K 

LM137H 

HIM 

Units 

VIN  (V) 

I?.  (mA) 

LM117H 

4.25 

5 

+1.235 

+1.238 

-1.256 

V 

4.25 

IMAX 

+1.225 

+1.235 

-1.249 

V 

41.25 

5 

+1.242 

+1.243 

-1.257 

V 

41.25 

X1 

+1.240 

+1.239 

-1.255 

-1.257 

V 

4.25] 

5 

+7.250 

+5.077 

-1.946 

-2.177 

mV 

41.25) 

6.25 

5  ? 

-5.101 

-1.269 

+15.09 

+7 . 182 

mV 

I  MAX  \ 

41.25 

5  T 

-2.500 

-3.519 

+1.595 

+  .905 

mV 

ii  i 

41.25 

12 

+2.104 

+2.702 

mV 

14.60 

13 

+  .882 

+1.484 

mV 

4.25 

5 

-55.36 

-60.63 

+74.00 

+70.65 

uA 

41.25 

5 

-55.95 

-61.03 

+76.84 

+73.50 

uA 

4.25] 

5 

-  .585 

-  .408 

+2.846 

+2.852 

uA 

41.25) 

6.25 

5  ] 

-  .235 

+  .022 

-  .581 

-  .295 

uA 

IMAXJ 

4.25 

Vqut^OV 

-1.187 

-2.354 

+1.195 

+2.170 

■3 

+1.228 

+1.237 

-1.240 

-1.249 

■n 

40.00 

vout"°v 

-  .235 

-  .431 

+  .318 

+  .563 

mm 

+1.244 

+1.243 

-1.256 

-1.257 

HI 

4.25 

|6v0UtI  ““1*0v 

-1.186 

-1.990 

+1.196 

+2.104 

■9 

+1.227 

+1.236 

-1.240 

-1.249 

V 

4.25 

1  VoutI*1'^ 

-1.450 

-1.478 

+  .474 

+  .455 

raA 

14.25 

1 v0UTl *1.4V 

-1.714 

-1.771 

+  .521 

+  .559 

mA 

41.25 

1  voutI“1,4>v 

-3.396 

-3.591 

+1.805 

+1.818 

mA 

4.25 

XMAX 

+1.225 

+1.236 

-1.240 

-1.249 

V 

-500 

IlllSIB 

mA 

-  50 

■ 

mA 

-125 

-  500 

- 

- 

mA 

- 

- 

+750 

+1500 

mA 
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Table  3.31.  Electrical  performance  characteristics  for  device  type  01  (78MG) 
(See  3.4  unless  otherwise  specified) 


Characteristic 

Symbol 

Condition:  (Fig.  12  unless  otherwise 
stated  ) 

— 

Limits 

■ 

Output  Voltage 

VOUT 

Load  Current 

Other 

Max. 

VIN=  »V 
Vinb30V 
VIN*10V 

lL*“5mA, -50 OmA 
lL“-5mA,-50  mA 
lL“-5mA 

3/ 

TA=150°C  1/ 

2T77T 

5.25 

V 

V IN* 38V 

IL=-500mA 

Rl=‘24.5KjT 
R2=  4.99KU 

WT 

TTT 

Line  regula¬ 
tion 

VRLINE 

8V4V in  30V 

lL“-  50mA 

Figure  12 
Waveform 

-150 

156 

mV 

8V5VIN  25V 

lL“-350mA 

-  50 

50 

toad  regula¬ 
tion 

vRL0AD 

VlN-  10  V 

-500mA-£li  5-5mA 

Figure  12 

-100 

100 

VlN-  30V 

-  50mA 5mA 

17a  ve form 

-150 

I50 

Thermal  regu¬ 
lation 

vrth. 

VlN"  15V 

I L“* 50 OmA 

Ta=25°C 
Figure  12 
Waveform 

-  50 

“35“ 

Standby  cur¬ 
rent  drain 

!SCD 

VIN-  10V 

lL*-5mA 

-7.0 

-0.5 

mA 

Vin-  30V 

lL*“5mA 

TO 

Standby  cur¬ 
rent  drain 
change  versus 
line  voltase 

A  XSCD 
(Line) 

8V4VIN*30V 

lLE-5mA 

-1.0 

l.o 

Standby  cur¬ 
rent  drain 
change  versus 
load  current 

A  ISCD 
(Load) 

vIN  -  iov 

-  500mA  '  5mA 

-0.5 

0.5 

Control  pin 
current 

ICTL 

Vin  *  10V 

lL--350mA 

TA=25°C 

-55°C*ffAS 

125°C 

-5.0 

-8.0 

-o.oi 

-0.0] 

Output  short 
circuit  cur¬ 
rent 

lOSl 

VIN  -  10 V 

Figure  12 
Waveforms 

-2.0 

-0.01 

A 

rOS2 

vIN  -  30v 

-1.0 

Output  volt¬ 
age  recovery 
after  output 
short  circuit 
current 

VouT 

(RECOV) 

VlN  -  10V 

Rl-10JI;Cl-20mF 

2/ 

After  Iqsi 

4.75 

5.25 

V 

VlN  “  30V 

"RL-1KA 

After  los2 

Voltage  start¬ 
up 

VSTART 

VIN  “  20 V 

RL*10i2;CL*20MF 

4.75 

5.25 

Ripple  rejec¬ 
tion 

A.VIN 

AVout 

Vin  *  10 V 

Ci  "  lVrms 
2400  Hz 

lL*-125mA 

Figure  13 
Ta*25°C 

45 

"  • 

dB 

Output  noise 
voltage 

Vno 

VIN*  10V 

IL*-50mA 

Figure  14 
Ta“25°C 
BW-lOHz  to 
10kHz 

-- 

125 

ilVnns 

Line  trans¬ 
ient  response 

aVqut 

AVtn 

vin*  iov 

VpulSE“3.0V 

lL"-5mA 

Figure  15 
Ta-25°C 

30 

mV/V 

Load  trans¬ 
ient  response 

aVout 

V  IN“  10 V 

IL--50mA 

4lL*'200mA 

Figure  16 

Ta“25°C 

_ 

2.5 

mV/mA 

ail 

Table  3.31.  (Cont'd) 

NOTES:  1.  All  tests  performed  at  Ta*125°C  may,  at  the  manufacturer's  option, 
be  performed  at  TA“150°C.  Specifications  for  TA“  125°C  shall  then 
apply  at  TA-Wc. 

2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
lOS  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


Table  3.32.  Electrical  performance  characteristics  for  device 
(See  3.4  unless  otherwise  specified) 


type  02  (78G) 


tmXSMSEEttl 


Output  Voltage  VouT  VIN“  8V 

vin“30v 

VlN=10V 

VIN=38V 


Line  regula-  VrlinE 
tion  |8ViViNf25V 


Load  regula-  VrloAD  vIN=1 
tion  VIN~3 


Thermal  regu-  Vrth.  Vin=15V 
la tion 


Condition:  (Fig.  12  unless  otherwise 
stated 


Load  Current 


Standby  cur¬ 
rent  drain 
change  versus 
line  voltage 


Standby  cur¬ 
rent  drain 
change  versus 
load  current 


Control  pin 
current 


Output  short 
circuit  cur¬ 
rent 


Output  voltage 
recovery  after 
output  short 
circuit  cur¬ 
rent 


VlN=10V 


V 


AIoCD  8V£Vint30V 
(LINE) 


ISCD  >ViN=10V 
(LOAD)  ! 


Vin=10V 


Vm-iov 


VlNa30V 


VSTART  |VIN  “20V 


Ripple  rejec¬ 
tion 


AVqut 


IL=- 1000mA 


Other 


Rl=24.9Kil 

R2“4.99Kil 


Limits 


Max.  lUnlts 


4.75  5.25  V 


IL=-1 


lL=-5mA 


-1000mA=lL-  5 


IL*- 500mA 


RL= 1KJ2 


RL“5A;CL“20uF 


3  50mA 


lL=- 100mA 


IL“-5mA 


IL°- 100mA 
X^“-400mA 


III-101 


28.5131.5 


-150  1 150  |  mV 

-100  100 
-150  150 
-  50  56 


-7.01-0.5  I  mA 


-1.01  1.0 


.5  0.5 


-5.0  1-0.01 


-0.02 


4.75  5.25 


4.75  5.25 


250  IjuV 


30  mV/V 


2.5  I mV/ 


Table 
NOTES : 


.32.  (Cont'd) 

1.  All  tests  performed  at  T^a,125°C  may,  at  the  manufacturer's  option, 
be  performed  at  Ta“150°C.  Specifications  for  TA“1250C  shall  then 
apply  at  Ta“150°C. 

2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designed  load  conditions,  immediately  after  removal  of  the 
IOS  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  3mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


III-101A 


Table  3.33.  Electrical  performance  characteristics  for  device  type  03  (LM117H) 
(See  3.4  unless  otherwise  specified 


Characteristic  Symbol 


Condition:  (Fig.  12  unless  otherwise 

stated) 


Input  Voltage  I  Load  Current 


Output  Voltage  VOUT  Vin=4.25V 

Vin=41.25V 

VIN=6.25V 


Line  regula-  VrlinE 
tion 


Load  regula-  VRLqaD  Vin=6.25V 
tion 


Thermal  regu-  Vrxh.  Vin=14.6V 
la tion 


Adjust  pin  IADJ 
current 


Adjust  pin  AlADJ  4.25VSIl 
current  change  (LINE)  441.25V 
versus  line 
voltage 


Adjust  pin  "iADJ  Vin“6-25V 
current  change  (LOAD) 
versus  load 
current 


Minimum  load  Iq 
current 


Output  short 
circuit  cur¬ 
rent 


Output  volt- 
tage  recovery 
after  output 
short  circuit 
current 


Ripple  rejec-  |aVin 
tion 


III-102 


Table  3.33.  Electrical  performance  characteristics  for  device  type  03  (LM117H) 
(Cont'd)  (See  3.4  unless  otherwise  specified 


characteristic 

Symbol 

Condition:  (Fig.  12  unless  otherwise 

stated) 

Limits 

Line  trans¬ 
ient  response 

aVout 

AVtn 

Input  Voltage 

Load  Current 

Other 

Min. 

Max. 

Units 

Vin“6.25V 

ViN-3.0V 

lL“-10mA 

Figure  15 
TA=25°C 

-  - 

6 

mV/V 

(Load  trans¬ 
ient  response 

J _ 

AVIN 

AIL 

vrN=6.2$v 

lL”-50mA 

AlL=-200mA 

Figure  16 
Ta-25°C 

0.6 

mV/mA 

NOTES:  1.  All  tests  performed  at  Ta=125°C  may,  at  the  manufacturer's  option, 
be  performed  at  Ta=150°C.  Specifications  for  Ta=125°C  shall  then 
apply  at  Ta=150°C. 


2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
IOS  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


III-102A 
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GENERAL  ELECTRIC  CO  PITTSFIELD  MA  ORDNANCE  SYSTEMS  F/G  9/5 

ELECTRICAL  CHARACTERIZATION  OF  SPECIAL  PURPOSE  LINEAR  MICROCIRC— ETC (U) 
MAY  ao  J  S  KULPINSK I t  T  SIMONSENr  L  CARROZZA  F30602-78-C-0195 

DAnr.TD-AHaliQ  mi 


'See  3.4  unless  otherwise  specified 


n 


ica  for  device  type  04  (LM117K) 

1 


Characteristic 

Condition:  (Fig.  12  unless  otherwise 
stated) 

Limits 

Output  Voltage 

voirr 

Input  Voltage 

Load  Current 

Other 

■»Mir 

wm 

Units 

Vin=4.25V 

VIN-41.25V 

Vins6.25V 

lL“ ■ 5mA , - 1 500mA 
lL=-5mA , -200mA 
lL,-*5raA 

3/ 

rA-i50°c  ly 

■ 

B 

Line  regula¬ 
tion 

vrline 

4.25^Il 

541 .2  5V 

lL=-5mA 

m  1 1 y 

-9 

mV 

23 

Load  regula¬ 
tion 

Thermal  regu¬ 
lation 

vrload 

vrth. 

ViN-6.25V 

-1 500mA  5lLl- 5mA 

HEEOm 

5a 

3.5 

-55VC5TA 

112 5 °C 

-12 

12 

Vin=41.25V 

Vin“14.6V 

- 1 50mA* II-- 5mA 

lL=- 1500mA 

SB 

■1 

-55°C1Ta 

112 5 °C 
Ta-25°C 

-12 

-5 

12 

5 

Adjust  pin 
current 

IADJ 

lL=-5mA 

— 

-15 

pnygamwgj» 

lL=-5mA 

^-100 

mm 

Adjust  pin 
current 
change  versus 
line  voltage 

AlADJ 

(LINE) 

IB 

lL=-5mA 

-5 

5 

Adjust  pin 
current 
change  versus 
load  current 

AlADJ 

(LOAD) 

-5 

5 

Minimum  load 

current 

!Q 

4.25VilL 
514.25V 
forced  VoUT 
-1.4V 

H 

mA 

mA 

Vin=41.25V 
forced  VOUT 
=1.4V 

Output  short 
circuit  cur¬ 
rent 

1051 

1052 

VIN-4.25V 

V IN -40V 

-3.50 

-1.00 

-1.50 

-0.18 

A 

A 

Output  volt¬ 
age  recovery 
after  output 
short  circuit 
current 

B 

V in-4. 25V 

mrmmM 

1 

1 

V in-40 V 

rl=250 jl — 

2/ 

After  I os 2 

- 

Voltage  start¬ 
up 

VSTART 

Vin=4.25V 

Ripple  rejec¬ 
tion 

AVin 

*V0UT 

V in-6. 25V  “ 

Ci=lVrms 
(3fo-2400  Hz 

lL“- 500mA 

Figure  13 
Ta“25°C 

65 

B 

dB 

Output  noise 
voltage 

VN0 

■ 

lL--100tnA 

Figure  14 
Ta-25°C 
BW-IOHz  to 
10kHz 

B 

120 

B 

■ 

rri-ioj 


A 


T/*Jle  Eleetrical  perfonnance  characteristics  for  device  tvoe  04  (LM117K) 

(Cont  d)  (See  3,4  unless  otherwise  specified)  -  * 


Characteristic 

Symbol 

Condition:  (Fig.  12  unless  otherwise* 
stated) 

Liml tR 

Line  trans¬ 
ient  response 

Srm 

Input  Voltage 

Other 

Min. 

eg a 

Units 

lL“-10mA 

Figure  15 
TA-25.°C 

■ 

mV/V 

Load  trans¬ 
ient  response 

VIN«6.25V 

II*- 100mA 

AIL- -400mA 

Figure  16 
Ta-25°C 

H 

0.30 

mV/mA 

NOTES:  1.  All  tests  performed  at  TA“125°C  may,  at  the  manufacturer's  option 
be  perfomed^at^TA“l50°c.  Specifications  for  Ta“12S°C  shall  then' 


2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
IOS  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


III-103A 


Output  Voltage  Vqut 


Table  3.35.  Electrical  performance  characteristics  for  device  type  01  (79MG) 


See  3.4  unless  otherwise  specified) 


ondition:  (Fig.  12  unless  otherwise 

stated)  Limits 


Input  Voltage  Load  Current _ Other  Min. 

VIN--8V  It -5mA ,500mA  3/  -5.2 


Units 


Load  regula-  Vrl0AD 
tion 


Thermal  regu-  Vrth. 
latlon 


Standby  cur-  ISCD 
rent  drain 


Standby  cur¬ 
rent  drain 
change  versus 
line  voltage 


Standby  cur¬ 
rent  drain 
change  versus 
load  current 


Control  pin 
current 


Output  short 
circuit  cur¬ 
rent 


Output  voltage  VoUT 
recovery  after  (RECOV) 
'outpuV  shorf 
circuit  cur- 


AlSCD 

(LOAD) 


VSTART  |Vxn--20V 


Ripple  rejec-  |aVjn 
ti°n  IAV0UT 


Output  noise  Vrq 
voltage 


aVquT 


*IL 


VRLINE  -30VAViN1-8V  lL“50mA 
-25ViViNf-8V  lL=350mA 


lL"500mA 


-30V2VIN--8V  IL“5mA 


-  50  I  5 


0.1  3. 

0.1  4. 


-0.5  0.5 


lL“350mA 


2.00  >iA 

3.00  M 


.002  2. 

.002  1. 


RL-10A;CL 
#  -20^  f  _ 
RL“5k/i * 


rl*10a;cl 

m20pF 


I 


Figure  14 
TA-25°C 
BW-lOHz  to 
10kHz 


2501  juyrms 


lL"5mA 


2 .51  mV/ 


I 11-104 


1 


Table 
NOTES : 


.35.  (Cont'd) 

1.  All  testa  performed  at  TA“125#C  may,  at  the  manufacturer's  option, 
be  performed  at  Ta“150°C.  Specifications  for  Ta*125#C  shall  then 
apply  at  Ta-150°C. 

2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  inmediately  after,  removal  of 
the  Ios  test  forced  output  voltage  condition.  Voltage 
recovery  for  conditions  other  than  those  specified  is  not 
guaranteed . 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


III-104A 


See  3.4  unless  otherwise  specified 


Characteristic 


Condition:  (Fig.  12  unless  otherwise 
stated) 


Input  Voltage  1  Load  Currentl  Other 

Output  Voltage  VouT  Vin“-8V 

Vin=-30V 
[v  IN**10V 


Limits 


Max. I  Unit 


Line  regula¬ 
tion 


Load  regula¬ 
tion 


Thermal  regu¬ 
lation 


Standby  cur¬ 
rent  drain 


Standby  cur¬ 
rent  drain 
change  versus 
line  voltage 


Standby  cur¬ 
rent  drain 
change  versus 
1  load  current 


Control  pin 
current 


jOutput  short 
jcircuit  cur¬ 
rent 


Output  voltage 
recovery  after 
output  short 
circuit  cur¬ 
rent 


VRLINE  -30V*Vin=-8V  ] lL=100mA 
_ -25V4VIN1-8V  Il=  500mA 


VRLOAD  Vin*-10V 
VINa-30V 


VRTH.  Vins-15V 


Vin=-10V 

ViNa-30V 

i  lL“5mA 
!  lL“5mA 

-30VdVlN  f-8V 

1 

1 

lL=5mA 

i 

VSTART  VlN=-20V 


Ripple  rejec-  aVin 
tion  AVOUT 


Output  noise  Vno 
voltage 


aVOUT 


e  trans- 
t  response 


Load  trans-  |  aVOUT 
ient  response  |  *1^ 


jRL“5A;CL-20u 


mA 


lL“100raA 


Figure  14 
Ta“25°C 
BW-IOHz  to 
10kHz 


250  UiVrms 


III-105 


Table  3.36.  (Cont'd) 


NOTES:  1.  All  tests  performed  at  Ta*125°C  may,  at  the  manufacturer's  option, 
be  performed  at  Ta*150°C.  Specifications  for  Ta“125°C  shall  then 
apply  at  Ta“150°C. 

2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 

lOS  test  forced  output  condition.  Voltage  recovery  for  conditions 
other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


III-105A 


1 


Table  3.37.  Electrical  performance  characteristics  for  device  type  03  (LM137H) 

(See  3.4  unless  otherwise  specified) 


Characteristic 

Condition:  (Fig.  12  unless  otherwise 
stated) 

Limits 

Output  Voltage 

VOUT 

Input  Voltage  I  Load  Current^ 

Other 

Min. 

Max. 

Inits 

VIN“-4.25V 

VIN“-41.25V 

Vin“-6.25V 

lL“5mA ,500mA 
lL*5mA ,  50mA 
It  “5mA 

3/ 

rA“150°C  1/ 

-1.300 

-1.200 

V 

Line  regula¬ 
tion 

vrline 

TA“25*C 

-55 8C  Ta 
125#C 

-9 

-23 

9 

23 

mV 

Load  regula¬ 
tion 

i 

vrload 

rA“25°C 

-55°CVrA 

fl25°C 

-6 

-12 

6 

12 

TA“25°C 

-55°C*Ta 

il25°C 

-12 

-24 

12 

24 

) 

i  -  '  - 

Vin=-41.25V 

TA“25°C 

-55°C*Ta 
-125 °C 

-  6 
-12 

6 

12 

Thermal  regu-  Ivrth. 
la t ion 

Vin“-14 -6V 

It,“750mA 

TA“25bC 

-  5 

5 

Adjust  pin 
current 

lADJ 

Vin”-A.25V 

VIN--41.25V 

I^“5mA 

!L“5mA 

25 

25 

100 

100 

Adjust  pin 
current 
change  versus 
line  voltage 

aiADJ 

(LINE) 

m 

-  5 

* 

Adjust  pin 
current 
change  versus 
load  current 

AlADJ 

(LOAD) 

■fl 

-  5 

5 

Minimum  load 
current 

«  •  • 

rQ 

Hi 

.  .  •  ■  « 

3.20 

3.00 

mA 

SKCHHHi 

1.00 

5.00 

Output  short 
circuit  cur¬ 
rent 

H 

0.5 

0.05 

1.8 

3.5 

A 

A 

Output  voltage 
recovery  after 
output  short 
circuit  cur¬ 
rent 

Vin*-4.25V 

Vin“"40V 

rl-2.5a;Cl 

“2QjiF 

RL-250A 

After  Iosi 

V 

After  Ios2 

-1.300 

-1.200 

V 

Voltage  start- 
UD 

VSTART 

If 

-1.300 

-1.20b' 

Ripple  rejec¬ 
tion 

*VIN 

aVOUT 

VIN“-6.25V 
Ci*lVrms 
@fo“2400  Hz 

IL-125mA 

Figure  13 
TA“25°C 

48 

-- 

dB 

III-106 


Table  3.37.  Electrical  performance  characteristics  for  device  type  03  (LM137H) 

(Cont'd)  (See  3.4  unless  otherwise  specified) 


Characteristic! 


Symbol 


Condition:  (Fig.  12  unless  otherwise 
stated) _ 


Limits 


Output  noise 
voltage 


VNO 


Input  Voltage 


Load  Current! 


Vin*-6.25V 


IL-50mA 


Other 


Min. 


Figure  14 
TA“25?C 
BW=10  Hz  to 
10kHz 


Max. 


Units 


120 


^Vrmsj 


Line  trans- 
ient  respons e 


AVOUT 

LjVlN 


Vin“-6.25V 
AViN“-1.0V 


Il,*10mA 


Figure  15 
1^25_aC 


80 


mV/V 


Load  trans¬ 
ient  response 


I A  VOUT 
,IL 


!VIN=-6.2$V 


IL=50mA 

AlLa200mA 


Figure  16 

|rA-25ac 


mV/mA 


NOTES:  1.  A11  tests  performed  at  TA*125°C  may,  at  the  manufacturer's  option, 

be  performed  at  TA“150°C. 

2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
Ios  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


III-106A 


Table  3.38.  Electrical  performance  characteristics  for  device  type  04  (1W137K) 
(See  3.4  unless  otherw tae  specif ted) 


Characteristic 


Condition:  (Fig.  12  unless  otherwise 

stated 


Limits 


I  Input  Voltagel  Load  Current 
Output  Voltage  Vout  Vin*-4.25V  II* 5mA, 1500mA 

V in* -4 1.25V  II* 5mA, 200mA 
_ _  Vin“-6.25V  lL“5mA 


Line  regula-  Vrline 


Other  I  Min.  Max. 


lL*5mA 


VrL0AD|Vin*-6.25V  SmAJlLtlSOOmA 


VlN“-4 1.25V  5mA=lL -150mA  TA=25"C 

-556C*Ta 

il25°C 


Adjust  pin 
current 


VRTH. 


IADJ 


Adjust  pin  AlADJ 
current  (LOAD) 

change  versus 
load  current 


Minimum  load  Iq 
current 


Output  short 
circuit  cur¬ 
rent 


Output  volt¬ 
age  recovery 
after  output 
short  circuit 
current 


Voltage  start-  VgTART  VlN*-4.25V 
up 


RL“.833ja;CL  Afte 
*20^F 

Rl“250  ja.  Afte 


Output  noise 

vno 

voltage 
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Table  3.38.  Electrical  performance  characteristics  for  device  type  04  (LM137K) 
(Cont'd)  (See  3.4  unless  otherwise  specified) 


Characteristic 

BS81 

Condition:  (Fig.  12  unless  otherwise 
stated) 

Limits 

■ 

Input  Voltage 

Other 

Min. 

Max. 

Units  1 

Line  trans¬ 
ient  response 

AV0UT 

*ViN 

Vin“-6.25V 
AVin— 1.0V 

lL“10mA 

Figure  15 
TA-25#C  ' 

■ 

40 

Load  trans¬ 
ient  response 

4V0UT 

ail 

VlN“-6.25V 

lL*100mA 

AlL**400mA 

Figure  16 
Ta-25°C 

■ 

0.15 

■ 

NOTES:  1.  All  tests  performed  at  Ta“125°C  may,  at  the  manufacturer's  option, 
be  performed  at  ^*150 °C.  Specifications  for  Ta“125°C  shall  then 
apply  at  Ta*150#C. 


2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
IOS  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 
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SECTION  IV 


MULTIPLE  Bi-FET  OP  AMPS 
MIL-M-385IO/119 

4.1  Background  and  Introduction 

The  first  op  amps  of  this  series  which  were  introduced  to  RADC  for 
characterization  and  possible  slash  sheet  action  were  the  TL06I  and 
TL071  families  from  Texas  Instruments.  Each  of  these  families  included 
single,  dual  and  quad  device  types.  The  TL061,  TL062  and  TL064  devices 
were  offered  as  a  low  power  category  and  the  TL071,  TL072  and  TL074 
devices  were  classified  as  low  noise  devices.  Preliminary  character¬ 
ization  studies  at  GEOS  were  encouraging  and  a  recommendation  for  slash 
sheet  action  was  made.  Since  these  new  Bi-FET  op  amps  had  lower  abso¬ 
lute  maximum  ratings  than  the  LF155  series  devices,  it  was  necessary 
to  generate  a  new  slash  sheet.  National  Semiconductor  and  Fairchild 
were  also  introducing  multiple  Bi-FET  op  amp  devices  which  could  be 
included  in  the  new  slash  sheet.  MIL-M-38510/119  contains  the  follow¬ 
ing  generic  industry  devices: 


Generic  Industry 


Military  Device  T3 


TL061  (single-low  power) 
TL062  (dual- low  power) 

TL064  (quad- low  power) 

TL071,  uAF771,  LF151  (single 
TL072,  uAF772,  LF153  (dual  - 
TL074,  uAF774,  LF147  (quad  - 


01 

02 

03 

-  general  purpose) 

04 

general  purpose) 

05 

general  purpose) 

06 

The  differences  between  the  absolute  maximum  rating  of  the  /114  and 
/119  military  specifications  are  shown  below: 

MIL-M-38510-/114  /119 

Supply  voltage  ±  22V  ±  18V 

Input  voltage  JV  ±  20V  ±  15V 

Differential  Input  Voltage  ±  40V  ±  30V 

V  The  absolute  maximum  negative  input  voltage  is  equal  to  the 
negative  power  supply  voltage. 

Whereas  device  types  01,  02  and  03  are  intended  for  low  power  applica¬ 
tions,  device  types  04,  05  and  06  are  intended  to  be  the  future  low 
cost  "741  work  horses"  of  the  industry. 


Absolute  Max  Ratings 
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4.2  Description  of  Device  Types 

The  op  amps  specified  in  /119  have  fewer  J-FETs  per  op  amp  than  the 
LF155  series  devices.  As  a  result  the  chip  real  estate  per  function 
is  approximately  2/3  that  of  an  LF155  device.  Consequently,  the  options 
for  lower  cost  and  multiple  op  amp  devices  are  also  more  viable  than 
with  the  LF155  series  design. 

Figures  4-1,  4-2,  4-3  and  4-4  show  the  schematic  diagrams  of  these  new 
second  generation  Bi-FET  op  amps.  All  of  these  devices  feature  J-FETs 
for  the  differential  input  stage  and  complementary  bipolar  transistors 
for  the  totem  pole  output  stage.  Unlike  the  LF155  series  design  a 
J-FET  is  not  used  to  replace  the  output  PNP  transistor  for  stability 
improvement. 

Another  common  difference  between  these  devices  and  the  LF155  series  is 
that  the  input  J-FETs  are  not  loaded  by  matched  J-FET  current  sources. 
Instead  a  bipolar  current  mirror  is  used  with  trim  resistors  in  the 
emitter  legs,  offset  voltage  can  be  internally  laser  trimmed  or  ex¬ 
ternally  potentiometer  trimmed.  Because  of  pinout  restrictions  some 
of  the  duals  and  all  of  the  quads  do  not  have  external  offset  voltage 
adjustment  capability.  Caution  should  be  exercised  in  swapping  / 119 
single  with  /114  devices  in  applications  using  the  offset  control  pins. 

Since  the  LF155  adjustment  is  connected  to  +  Vcc  and  the  /119  single 
device  is  connected  to  -  Vcc  proper  operation  after  swapping  will  not 
work  and  could  lead  to  device  destruction  if  the  trim  wiper  gets  too 
close  to  one  of  the  potentiometer  ends. 

The  input  for  the  single  ended  high  gain  secpnd  stage  is  taken  off  the 
collector  of  the  current  mirror  transistor. 

Another  current  mirror  connected  to  a  zener  regulated  current  source 
provides  separate  constant  current  biasing  for  the  first  and  second 
amplifier  stages  of  the  TL071  series  devices. 

The  current  source  stage  biasing  for  the  other  devices  are  all  different 
in  design.  Modifications  of  current  mirrors  and  lateral  PNP  transistors 
are  used  extensively  as  can  be  seen  in  the  circuit  schematics.  The 
degree  of  circuitry  used  for  stage  biasing  enables  the  op  amps  to  be 
used  over  a  wide  range  of  power  supply  voltages  while  maintaining 
excellent  power  supply  rejection  to  noise  and  other  disturbances. 

Further  details  are  covered  in  the  manuals,  books  and  papers  referenced 
in  the  bibliography  of  this  report. 


IV- 2 


4.2  Description  of  Device  Types  (cont.) 

All  of  the  generic  industry  device  types  within  the  /119  specification 
have  design  differences  which  will  tend  to  favor  one  parameter  over 
another.  As  a  consequence  of  this  fact  the  margin  of  performance  be¬ 
tween  the  different  vendor  devices  and  the  specification  limits  will 
vary  accordingly. 


4.3  Device  Characterization 

The  characterization  procedure  for  the  multiple  Bi-FET  op  amps  was  very 
similar  to  the  procedure  described  in  Section  2.3.  A  notable  difference 
was  that  the  test  adapter  had  to  be  configured  to  accept  dual  and  quad 
devices  in  addition  to  single  devices.  This  was  accomplished  by  building 
several  DIP  to  T05  pin-out  converters  with  manual  selection  switches. 
Although  this  method  was  satisfactory  in  getting  the  data,  a  more 
elaborate  relay  controlled  socket  would  have  been  more  efficient  for 
testing  large  quantities  of  devices,  especially  if  this  effort  were 
required  on  a  continuing  basis. 

Software  changes  were  made  to  the  program  to  reduce  the  power  supply 
and  command  voltages  to  the  specified  values  for  these  devices.  Tran¬ 
sient  response,  settling  time  and  slew  rate  data  were  measured  manually 
with  a  new  test  fixture  having  dedicated  DIP  sockets  for  single,  dual 
and  quad  devices. 

As  with  the  LF155  series  devices,  a  Tektronix  577  curve  tracer  was  used 
to  observe  parameter  to  parameter  characteristics  of  sample  devices. 
Further  details  on  op  amp  characterization  test  procedures  are  contained 
in  Section  2.3. 
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4.4  Tabulation  of  Test  Data. 


A  representative  tabulation  of  S-3260  characterization  data  is  shown 
in  Tables  4-1  through  4-6.  Each  of  these  data  sheets  show  how  the 
data  values  of  10  devices  compares  to  the  JC-41  Committee  limits  at  a 
given  test  temperature.  Most  parameters  were  tested  with  ±16  volt  power 
supplies  over  a  ±  12  volt  common  mode  range.  Even  though  device  types 
01,  02,  and  03  are  not  rated  to  drive  a  2000  ohm  load,  data  was  taken 
with  this  condition  for  information  only. 

Statistical  summaries  of  all  the  data  are  shown  in  Table  4-7  through 
4-12. 

Histograms  were  generated  on  an  op  amp  basis  for  both  device  type 
families  for  all  parameter-temperature  combinations.  One  such  histo¬ 
gram  at  25®C  of  common  mode  rejection  for  device  types  04,  05  and  06  is 
shown  in  Figure  4-5. 

A  complete  tabulation  of  the  data  is  being  issued  in  handbook  form  to 
the  JC-41  Committee  representatives. 

4.5  Discussion 

The  characterization  data  was  carefully  reviewed  to  determine  how  well 
it  complies  to  the  proposed  JC-41  limits  and  the  June  1979  Rev.  1  issue 
of  MIL-M-38510/119.  Where  there  is  good  agreement  between  the  data 
and  the  limits,  no  further  discussion  will  be  given  here.  The  proposed 
JC-41  parameter  limits  will  then  be  carried  over  into  Table  4-13. 

Where  there  is  a  discrepancy  between  the  data  and  the  JC-41  limits  a 
discussion  will  be  included  with  GEOS  proposed  limits.  Because  of  the 
limited  sample  size  (51  low  power  op  amps  and  81  low  cost  op  amps),  the 
GEOS  data  may  not  accurately  reflect  the  data  of  all  manufacturer  lot 
samples. 

Vendor  feedback  will  be  required  before  firm  limits  can  be  recommended 
for  the  proposed  multiple  op  amp  slash  sheet  MIL-M-38510/119.  Table 
4-13  is  the  best  estimate  of  this  time  of  the  /119  Table  I  limits. 

4.5.1  Input  Offset  Voltage  (Vj[_0) 

With  the  exception  of  vendor  B  Type  04  devices  at  125° C,  the  offset 
voltage  data  agrees  with  the  proposed  limits  of  ±  5  mV  and  ±  7  mV  at 
25°C  and  over  the  military  temperature  range,  respectively. 

4.5.2  Input  Offset  Current  (Iio) 

Early  in  the  characterization  program  there  were  many  device  failures 
to  the  ±  50  pA  JC-41  limits.  Because  of  this  the  histogram  and  sta¬ 
tistical  analysis  limits  were  loosened  to  ±  100  pA.  A  comparison  of 
the  25°C,  zero  common  mode  offset  current  data  against  the  data 
limits  is  as  follows: 
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4.5.2  Input  Offset  Current  (I^0)  (cont.) 


Device 

Yield  @ 

Yield  @ 

Type 

Iio  =  ±  100  pA  (max) 

Iio  1  50  PA  (“*«) 

01,02,03 

(51-8) /51  =  84% 

(51-15) /51  =  70% 

04,09,06 

(81-18) /81  =  78% 

(8 1— 2 7 ) / 8 1  =  67% 

For  reasonable  yields  the  ±  100  pA  limits  should  be  used. 

4.5.3  Input  Bias  Current  (±  Ifg) 

At  the  negative  common  mode  condition  at  25°C,  both  device  families 
had  yields  of  less  than  70%  against  the  -200  pA  limit.  The  yields 
improve  to  better  than  80%,  with  a  relaxed  low  limit  of  -400  pA.  The 
high  temperature  high  limits  were  too  loose  and  it  is  suggested  that 
they  be  changed  from  100  nA  to  70  nA  at  the  positive  common  mode 
voltage  and  from  70  nA  to  50  nA  for  the  other  common  mode  voltage 
conditions . 

4.5.4  Short  Circuit  Current  (I0s  (+) »  Ios(-) 

Based  on  these  devices  alone  limits  of  30  mA  would  be  recommended; 
however,  other  vendor  type  devices,  not  yet  characterized,  require 
the  40  mA  limit  for  the  low  power  category.  The  general  purpose  device 
limits  of  ±  80  mA  are  reasonable. 


4.5.5  Supply  Current  (Icc) 

Although  the  supply  current  is  specified  on  an  op  amp  basis,  observa¬ 
tions  of  the  data  show  that  duals  and  quads  use  less  current  per  op 
amp  than  does  a  single  device.  An  average  "discount"  for  the  multiple 
op  amps  based  on  histogram  mean  values  is  20%.  for  the  duals  and  30% 
for  the  quads.  No  change  is  recommended  for  /119. 

4.5.6  Output  Voltage  Swing  (+  Vop  ,  -  Vop) 

Based  on  the  data,  the  voltage  swing  limits  are  specified  very  con¬ 
servatively.  For  device  types  01,  02  and  03  with  a  10K  ohm  load, 

-  Vop  is  the  weakest  drive.  50  out  of  51  devices  had  less  than  1.2  V 
of  negative  saturation.  (-Vsat  =  [  -VCc  "  (-Vop)|)* 

The  single  01  maverick  with  1.7  V  of  negative  saturation  also  failed 
the  V^Q,  -PSRR  and  the  gain  tests.  For  the  04,  05,  and  06  device 
data  the  maximum  saturation  drops  were  2.1  V  at  10  K.O*  and  3.5  V 
with  2K.rt.  loading. 


4.5.6  Output  Voltage  Swing  (+V0p,  “  VQp)  (cont.) 

It  is  recommended  that  the  swing  limits  be  increased  to  12.5  V  at 
10k XL  and  11  V  at  2K/1  .  The  characterization  data  was  measured 
with  ±  Vcc  =  ±  16  V,  whereas  the  proposed  slash  sheet  is  specified 
with  ±  Vcc  =  ±  15  V.  Because  of  this  difference  the  data  was  exam¬ 
ined  on  an  "output  to  rail"  basis. 

4.5.7  Open  Loop  Voltage  Gain  (Ays (+) »  Avs(-)) 

One  of  the  tradeoffs  for  device  types  01,  02  and  03  is  that  the  low 
power  option  results  in  lower  open  loop  gain.  One  change  that  can 
be  recommended  is  that  Avs  at  -  Vcc  =  ±  5  V  be  increased  from  2  to 
3  V/mV  (min.).  The  lowest  corresponding  data  value  was  approximately 
4.8  V/mV  from  a  -55°C  histogram. 

As  a  general  observation,  device  types  04,  05  and  06  have  lower  gains 
than  the  155  series  devices  by  a  factor  of  from  1/4  to  1/3. 

4.5.8  Slew  Rate  (SR(+),  SR(-)) 

With  the  exception  of  several  failures  from  vendor  code  B  devices, 
all  of  the  devices  had  slew  rates  greater  than  the  specified  minimum 
levels.  No  specification  change  is  recommended,  unless  vendor  code 
B  determines  that  a  relaxation  in  limits  is  necessary. 

4.5.9  Transient  Response  (TR(tr) »  TR(qs)) 

The  previous  parameters  were  measured  automatically,  but  transient 
response  was  measured  manually  with  a  signal  generator  and  an  oscillo¬ 
scope.  Histograms  were  generated  on  the  S-3260  from  the  manual  data. 

For  the  low  power  devices  the  data  indicates  that  the  rise  time  and 
overshoot  should  be  changed  from  600  nanoseconds  and  407.  to  400 
nanoseconds  and  207.  respectively.  These  limits  would  still  leave  a 
2:1  margin  from  the  observed  worst  cases.  Device  types  04,  05  and 
06  have  data  in  good  agreement  with  the  limits. 

4.5.10  Settling  Time  (ts^+j,  ts(.)) 

The  data  indicates  that  the  settling  time  limit  for  device  types 
01,  02  and  03  need  to  be  increased  from  1500  ns  to  6000  ns.  The 
initial  limits  of  1500  ns  was  a  tentative  estimate  without  a  JC-41 
recommendat ion . 

In  view  of  the  fact  that  device  types  04,  05  and  06  have  four  to 
five  times  as  fast  a  slew  rate  as  the  low  power  devices,  it  is  not 
surprising  that  the  data  yields  a  similar  conclusion  with  settling 
time. 


4.6  Conclusions  and  Recommendations 


A  characterization  study  was  conducted  on  a  mix  of  single,  dual  and 
quad  Bi-FET  op  amps.  The  data  base  consists  of  51  low  power  op  amps 
and  81  general  purpose  op  amps.  Minor  changes  in  the  JC-41  specifica¬ 
tions  were  made  to  reflect  GEOS's  data  observations,  yield  considera¬ 
tions  and  user  priorities.  These  multiple  Bi-FET  op  amps  should  find 
many  useful  applications  in  military  systems. 
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Table  4-1.  Typical  type  02  data  at  25°C. 


H4*ur*CTU*f»  COM  I  TT|  MUICI  TV4fl  U  DU4t-  2  j  TfHPCMTUftd  NO  C  |  •*  W  71  10'MUI 


§ 

22223 

ini 

till 

till 

m  o 

oo 

m 

o 

22 

2  33»3 

min 

ll 

E 

•8 

2222* 

2222 

2222 

2222 

22 

2 

*: 

i 

222222 

82 

*M 

x 

OOOO 

•••• 

OOOO 

OO 

O 

o* 

8  0*40* 

1  1 

OO 

o 

-4 

o 

K(CC 

••  •  *8 

SlSK 

2222 

OOOO 

2222 

♦  •  •  • 

OOOO 

2222 

OOOO 

m  ▼ 

$5 

0» 

r- 

» 

(U(/» 

•4  • 

*40 

*  •  conut 

LA  •  •  «W 

o  oor»  * 
nj  *4  *4  *4  o 

i  i 

5*?aX3 

<v  •  *3  •  • 

28 

Hf 

o 

o  m 

s 

22222 

2222 

2222 

2222 

rvm 

2 

*4  l/l 

•O 

C‘  0  0*40 

o  •  •  *o 

522*28 

28 

m 

HHHH8 

1  1  1  1 

OOOO 

OOOO 

OOOO 

So 

*40 

1 

fU  *4  *4  *4  O 

1  1 

h8V^Ah 

l 

(222 

•  *  *  •  «* 

2222 

OOOO 

2222 

OOOO 

2222 

OOOO 

LA  *4 

▼  *4 

OO 

O 

r* 

08 

OO 

•  o 

*4  • 

*40 

1 

^  OOOO 

o  »  • 
o  tfitn  • 
At  hhh8 

1  1 

522822 

•4  •  *0  *  • 

-4000880 

SS 

•40 

«  « 

« 

"888- 

2222 

2222 

2222 

2^ 

n 

*o 

•  8 

*  OOOO 

8  •  •  ^o 

525**88 

22 

2 

M«4Hh2 

1  1  1  1 

CECCC 

OOOO 

2222 

OOOO 

OOOO 

2222 

*  •  •  • 

OOOO 

OOOO 

2222 

*  •  *  • 

OOOO 

-*o 

8 

*40 

1 

n  hhh8 

»  i 

o 

O 

5X2*28 

-4  *  •  O  *  * 

-400000 

-4t 

28 

•  • 

•40 

1 

hki 

till 

ss 

o 

*4  • 

*40 

O 

o  ooo  • 

N  *4  **  *4  O 

1  1 

«  «• 

o 

t 

mmmm 

•  •  •  *n 

2222 

2222 

2222 

-Ul 

o 

*2 

£  *“52 

552-85 

88 

2 

2232« 

1(11 

OOOO 

OOOO 

OOOO 

22 

o 

*40 

A  HHH0 

1  • 

H» 

«  M 

OO  o 

i 

‘m*- 

*5585 

T777* 

2222 

•  •  •  • 

OOOO 

2222 

•  •  •  • 

OOOO 

2222 

OOOO 

•ftl 

H  • 

2 

*4 

22 

•  • 

oo 

1 

a  5572 

2  222a 

1  1 

582582 

o  ».  *0  *  * 

*•01^*4 

M 

0-4 
•  • 
•40 

o 

ooo  O 

m 

2 

t.CE 

juSis 

T 

2222 

•  •  •  • 

OOOO 

2222 

•  •  •  • 

OOOO 

nil 

OOOO 

O  • 
•O 

(U 

o 

88 

oo 

* 

5  ••n# 

O  •  •  •  n 

o  00-4  . 

N  *4*4*4f»* 

1  1 

225822 

r- ooSo-4 

88 

—  — 

•40 

M  8 

o  « 

CKCC 

•  •  •  •  a* 

2222 

OOOO 

2222 

•  •  •  • 

OOOO 

tin 

OOOO 

•N 

a 

22 

oo 

i 

a  5-5« 

o  oo«  • 

n  -4  *4*4  0 

1  1 

528*88 

82 

l 

»ii= 

^  • 
0*4 

2 

•4 

•  • 
•40 

2222 

OOOO 

2222 

OOOO 

ini 

OOOO 

oo 

sis 

«t  « 

r  AMMO 

o 

528523 

Sooooo 

8f 

••O 

-4 

2 

22*85 

-40-4-40 

o 

•  *4 
*4  • 

•40 

1 

8 

n  -4-4-40 
i  i 

E 

*4 

-J 

1 

s 

2222* 

2222 

OOOO 

ssss 

OOOO 

2222 

OOOO 

oo 

22 

o 

o 

o 

52 

9m 

2  5252 
o  SoSo 

SS2SSS 

82 

«4<4 

30  3  3?3d 

2*  ?32?  TS7S  TS7S 
'.t8  ’.TV?  2 '-2 2*:.5l.  32 

iiiii  HU  *«* 


•  <080  ?  I  l  3 

E  MtHCO  HI  o  •  «  IA  *  •  •  »  ** 

I  !►►►  5555  5555  ki  ~  22  t  77??  8882??  33  2 
*  ****  ». —  ■**  3  k»-  3  2222  ttttaa  7\  8 


Ik 


S&ng  ?? 


33  z 


m  2-221 


5555E  5555  “«« 


H  KCCCO  CKCC  5555  OOOO 

u  5o^s  yojo  ^  ♦  I  ♦•♦ 

*  w  w  w  M  w  w  «■»  w  0888 

«  00003  OOOO  HWH« 

«  hmmmT  «mmm  mmmm 

8-  33330  «hmh  ♦♦♦♦ 


wav  5555 

e  ♦  i  « 


£  I0V»  o 


_  _  oo  o 

I  I  I  I  ♦  I  O  MM  »M  *  |  *  I 


«««533  j 

nnn  a  i 


IV- 13 


Table  4-2.  Typical  type  02  data  at  -55°  C 
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Table  4-3.  Typical  type  02  data  at  125°C. 
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Table  4-4.  Typical  type  05  data  at  25° C 
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Table  4-5.  Typical  type  05  data  at  -55°C. 
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Table  4-6.  Typical  type  05  data  at  125°C 
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Table  4-8.  Statistical  summary  of  types  01,  02  &  03  at  -55°C. 
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5./  T-ERE  IS  NO  MAXIMUM  FAIL  LIMIT  FOR  GAIN  AMD  SLEW  RATE 

Table  4-9,  Statistical  summary  of  types  01,  02  &  03  at  125°C. 
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Table  4-11.  Statistical  summary  of  types  04,  05  &  06  at  -55°C 
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Table  4-13.  proposed  MIL-MO8510/119  electrical  characteristics 


Proposed  MIL-M-38510/119  electrical  characteristics  (cont. 
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Table  4-13.  Proposed  MIL-M- 38510/ 119  electrical  characteristics  (cont’d). 
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SECTION  V 


CHARACTERIZATION  OF  12-BIT  A/D  CONVERTERS 
MIL-M-38510/120 


3.1  Background  and  Introduction 

This  JAN  38510  specification  development  for  A/D  converters  is  new  in  at 
least  two  respects:  it  is  the  first  slash  sheet  devoted  to  A/D  convert¬ 
ers,  and  the  specified  devices  are  the  first  linear  hybrids  to  be 
designated  for  military  usage  in  the  JAN  program.  The  need  for  data 
converters  in  military  systems  is  well-established,  not  only  for  new 
microprocessors-based  digital  systems,  but  for  retrofit  into  upgraded 
existing  systems.  For  example,  a  system  using  resolvers  to  transmit 
angular  position/rate  data  to  other  analog  computing  subsystems  may  be 
upgraded  by  retaining  the  sensing  resolvers,  converting  their  outputs  to 
digital  numbers,  and  replacing  the  analog  computing  subsystems  with 
digital  counterparts.  High-resolution,  high  accuracy  converters  would 
be  required  to  accommodate  the  wide  dynamic  range  and  typical  system 
accuracy  required. 

At  this  time,  high  speed  (e.g.  13  to  50  usee  conversion  time)  12-bit 
A/D  converters  do  not  exist  as  monolithic  devices,  although  lower  speed 
and/or  lower  resolution  monolithics  are  becoming  available  from  several 
manufacturers.  The  hybrid  devices  selected  for  this  slash  sheet  are 
already  used  in  numerous  military  systems.  They  were  developed  by  Micro 
Networks  Corporation,  and  at  least  some  of  the  device  types  will  also  be 
available  from  other  hybrid  manufacturers  . . .  Analog  Devices  and  Hybrid 
Systems.  Generally,  the  devices  offer  choice  of  external  or  internal 
references,  two  conversion  times,  and  four  input  voltage  ranges. 

There  is  valid  concern  amongst  all  device  manufacturers  regarding  the 
required  testing  of  A/D  converters.  Test  capabilities  may  range  from 
bench  tests,  to  custom  test  boxes,  to  fully  automatic  test  systems.  At 
GE,  two  levels  of  test  were  planned  ...  both  a  bench  test  and  a  fully 
automatic  test  using  the  Tektronix  S3260  system.  Admittedly,  the  latter 
system  is  not  used  by  any  manufacturer,  but  GE's  test  development  has  a 
dual  purpose  ...  to  verify  the  test  circuit  and  to  characterize  the 
device.  Since  both  D/A  and  A/D  test  developments  were  proceeding  in 
parallel,  a  common  precision  reference  D/A  section  was  developed  to  share 
with  both  test  adapters.  The  test  circuit  recommended  for  the  slash 
sheet  should  be  compatible  with  a  variety  of  automatic  test  systems. 
Deviations  from  the  test  circuit  are  permitted  but  must  be  justified  by 
the  manufacturer  at  the  time  of  qualification  submittal. 


Test  philosophy  regarding  linearity  and  monotonicity  is  another  contro¬ 
versial  subject.  One  manufacturer  verifies  linearity  by  measuring 
deviations  from  a  best-fit  straight  line,  while  another  measures  devia¬ 
tions  from  a  line  connecting  end  points.  Since  users  cannot  calibrate 
to  some  unknown  best-fit  line,  but  can  calibrate  to  full-scale  end 
points,  GE  strongly  favors  the  latter  method.  (There  is  further  dis¬ 
cussion  on  these  topics  within  the  text.) 

At  this  report  tine,  the  A/D  characterization  effort  is  not  yet  complete. 
A  slash  sheet  has  been  prepared  in  preliminary  status,  and  has  been 
issued  to  interested  people  for  comment.  Test  philosophy  has  been 
established,  and  test  circuits  and  adapters  were  designed  and  fabricated 
for  both  bench  testing  and  Tektronix  S3260  testing.  Test  software  has 
been  developed  and  has  been  debugged.  The  remaining  effort  to  complete 
the  characterization  is  to  complete  the  data  taking,  analyze  the  data, 
recommend  changes  (if  any)  for  the  slash  sheet,  issue  the  data,  and 
finalize  the  slash  sheet. 

5.2  Description  of  Device  Types 

There  are  two  series  of  device  types  included  in  /120,  the  Micro  Net¬ 
works  MN5200  series  and  the  MN  5210  series.  In  each  series  there  are 
eight  device  types,  four  pair  having  input  voltage  ranges  of  0  to  -10V, 
-5V  to  +5V,  -10V  to  +10V,  0  to  +10V,  with  each  pair  having  either  an 
internal  or  an  external  reference.  Both  series  are  12-bit  successive- 
approximation  converters  having  both  serial  and  parallel  digital  outputs. 
They  are  packaged  in  miniature  24-pin  glass/ceramic  Dips,  are  self-con¬ 
tained  and  internally  laser-trimmed  (no  external  adjustments).  The  two 
series  differ  only  in  maximum  conversion  time  ...  the  5200  series 
(device  types  01-08)  requiring  50  usee  max  for  a  complete  conversion, 
and  the  5210  series  (device  types  09-16)  requiring  13  usee  max. 

The  hybrid  devices  have  several  chips;  there  are  significant  differences 
in  the  number  of  chips  used  by  different  manufacturers..  Basically,  the 
successive  approximation  converter  consists  of  a  D/A  converter  (ladder 
network  and  switches),  a  successive  approximation  register  and  logic, 
and  a  comparator.  An  approximate  diagram  of  the  5200  A/D  converter  is 
shown  in  Figure  5-1,  which  includes  functional  level  information  only, 
not  detailed  schematics  of  all  sections.  The  12-bit  converter  must  make 
12  successive  approximations  of  the  applied  input  voltage.  While  this 
is  occurring,  the  input  cannot  change  (unless  it  were  to  change  so  as 
not  to  affect  previous  trials,  which  is  too  restrictive),  so  a  sample/ 
hold  circuit  is  normally  used  to  hold  the  input  constant  during  the 
conversion  time.  The  12  comparisons  are  made  between  the  input  voltage 
and  a  feedback  voltage  obtained  from  the  internal  12-bit  parallel  D/A 
converter,  beginning  first  with  the  MSB  and  ending  with  the  LSB.  The 
comparator  output  determines  whether  a  "1"  or  a  "0"  should  be  entered 
in  the  register  for  each  bit  comparison.  In  the  figure,  this  function 
is  performed  with  a  high-gain  precision  comparator  A2. 
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The  25L04  successive  approximation  register  contains  most  of  the  digital 
control  and  storage  necessary  to  operate  the  converter.  It  contains  a 
set  of  master  latches  acting  as  control  elements  v/hich  change  state  when 
the  external  clock  input  is  low,  and  a  set  of  slave  latches  that  hold 
the  register  data  and  change  state  on  a  low-high  transition  of  the 
input  clock.  It  acts  as  a  serial-to-parallel  converter  for  information 
from  the  comparator  A2.  sending  it  to  the  appropriate  slave  latch  to 
appear  at  the  register  output  (serial  output)  when  the  clock  transition 
goes  from  low-to-high.  When  that  data  enters  the  register,  the  next 
less  significant  bit  is  set  to  a  low,  ready  for  the  next  iteration. 

A  timing  diagram  is  shown  in  Figure  5-2.  For  parallel  data  outputs, 
the  shaded  areas  shown  denote  states  determined  by  data  input  immediately 
prior  to  the  shaded  area.  Parallel  data  is  valid  for  the  entire  time 
that  the  EOC  signal  is  low,  i.e.,  until  the  converter  is  reset.  The 
converter  is  reset  by  holding  the  "start"  signal  low  during  a  low-to- 
high  transition  of  the  clock,  beginning  at  least  25  nsec  prior  to  the 
clock  transition.  When  the  start  is  again  set  high,  the  conversion  will 
begin  on  the  next  low-to-high  clock  transition.  The  start  signal  can 
be  set  low  at  any  time  during  a  conversion  and  it  will  reset  the  con¬ 
verter.  A  complete  conversion  takes  place  in  13  clock  pulses.  For 
continuous  operation,  the  user  has  to  connect  "start  convert"  to  EOC, 
pin  1  to  pin  22.  The  ground  terminals  must  be  externally  connected 
together  as  close  as  possible  to  the  device. 

Op  Amp  A 1  buffers  the  input  reference  voltage  and  in  conjunction  with 
transistor  Ql4  provides  the  base  line  voltage  to  all  switching  tran¬ 
sistors.  The  base  line  voltage  varies  to  compensate  for  the  variation 
in  the  switching  transistor  VBg's  with  temperature,  thereby  providing 
a  constant  voltage  to  the  ladder  resistors.  Similar  compensation  exists 
for  variations  in  the  minus  supply  voltage,  which  would  change  ladder 
currents. 

It  should  be  noted  that  the  5210  series  of  devices  manufactured  by  Micro 
Networks  require  a  2.2  uF  solid  tantalum  capacitor  connected  between 
DUT  pins  15  and  10  for  operation  with  conversion  times  of  24  usees  or 
less. 

The  user  should  be  aware  that  there  are  differences  in  the  supply  cur¬ 
rents  among  vendors,  and  also  differences  in  power  supply  sensitivity. 

The  specification  tolerances  have  essentially  been  widened  to  accommo¬ 
date  both  vendors,  proper  system  design  considerations  by  the  user 
will  permit  interchangeability  by  using  the  specified  limits.  Tighter 
performance  may  be  obtained  from  a  single  vendor  on  power  supply  sensi¬ 
tivity,  but  this  is  not  guaranteed  or  controlled  within  the  spec,  except 
as  stated. 
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5.3  Characterization  of  the  5200  and  5210  Series  A/D  Converters 
5.3.1  Static  Test  Parameters 


Power  Supply  Currents 

Power  supply  currents  limits  have  been  enlarged  to  encompass  all 
device  manufacturers  designs  since  no  two  devices  are  implemented 
identically.  Each  must,  however,  satisfy  the  maximum  power  dissipa¬ 
tion  requirements. 

Power  Dissipation 

The  device  power  dissipation  is  the  sum  total  of  the  products  of  the 
power  supply  currents  and  their  respective  voltages  plus,  for  devices 
with  external  reference  voltage  only,  the  product  of  the  reference 
input  current  and  voltage. 


PD 


V 


cc 


Icc  +  VEE  XEE  +■  IL0G 


VrEF  XREF 

(ext  ref.  only) 


Input  Logic  Voltage  Levels 

Logic  "1"  input  voltage  levels  is  +  2  V  minimum  and  Logic  "0"  input 
voltage  levels  is  +  .8  V  maximum,  typical  digital  logic  levels.  in¬ 
puts  are;  S.C.  and  Clock. 

Output  Logic  Voltage  Levels 

Output  logic  "1"  voltage  is  2.4  V  minimum  when  loaded  with  320  uA 
(source).  Output  logic  "0"  voltage  is  0.4  V  maximum  loaded  with 
3.2  mA  (sink).  Outputs  are;  12  address  outputs;  E.0.C;  and  SDO. 

Output  Short  Circuit  Current 

All  outputs  are  tested  with  a  short,  circuit  applied.  Output  current 
shall  not  exceed  -  25  mA. 

Input  Low  Current 

Input  low  current  is  the  maximum  sink  current  the  device  will  sink 
with  the  input  at  0  V. 

Input  High  Current 


Input  high  current  is  the  maximum  current  the  device  will  source  with 
the  input  voltage  at  +  5  V. 


The  specification  calls  for  input  impedance  measurement.  On  the 
S3260  a  dc  resistance  will  be  measured. 


Clock  Input  Pulse  Width 

Clock  input  pulse  width  is  specified  as  200  ns.  The  positive  portion 
of  the  clock  pulse  (logic  1)  must  be  equal  to  or  greater  than  200  ns 
wide  for  all  device  types. 

Minimum  Conversion  Time 


Minimum  conversion  time  is  a  function  of  the  speed  of  the  converter 
and  limits  specified  are  maximum  values.  The  maximum  value  of  mini¬ 
mum  conversion  time  represents  the  maximum  conversion  speed  the 
device  must  be  capable  of  at  rated  accuracy. 

Power  Supply  Sensitivity 

Power  supply  sensitivity  is  specified  as  the  percent  of  full  scale  volt- 
tage  range  change  per  percent  change  in  power  supply  voltage. 

Zero  Error 

For  a  unipolar  device  the  straight  line  between  the  first  and  last 
transition  voltage  is  extended  beyond  the  first  transition  voltage 
1/2  LSB.  The  difference  between  the  resulting  voltage  and  zero  volts 
is  unipolar  zero  error. 

For  a  bipolar  device  add  1/2  LSB  to  the  transition  voltage  for  the 
0111  1111  1111  to  1000  0000  0000  transition  and  difference  between 

the  resulting  voltage  and  zero  volts  is  the  bipolar  zero  error.  If 
"Best  Fit  Linearity"  is  employed  the  offset  employed  to  shift  the 
curve  will  have  to  be  factored  into  the  zero  errora,  unipolar  and  bipolar. 

Absolute  Accuracy 

Absolute  accuracy  is  accuracy  with  which  the  A/D  converter  will  mea¬ 
sure  and  convert  an  analog  voltage  to  a  digital  equivalent,  relative 
to  an  accurate  voltage  standard.  Quantization  error  is  reduced  to 
±  1/2  LSB  by  offsetting  the  transition  voltages  by  1/2  LSB. 
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Integral  Linearity  Error 


Integral  linearity  is  the  deviation  from  the  ideal  linearity  curve 
(a  straight  line)-  The  ideal  linearity  curve  would  be  a  straight 
line  between  the  first  and  last  transition  voltages  if  linearity  was 
specified  as  "dud  Point".  If,  however,  "Best  Fit  Linearity"  is 
employed,  linearity  is  the  deviation  from  the  "Best  Fit"  straight 
line. 

Major  Carry  Errors 

Major  Carry  Errors  are  a  measure  of  the  differential  non-linearity  of 
the  A/D  converter.  If  major  carry  errors  are  less  than  4  1  LSB  and 
the  device  is  linear,  there  will  be  no  missing  codes. 

5.3.2  Static  Test  Circuit 

The  circuitry  used  to  test  the  MN5200  series  of  A/D  converters  is 
shown  in  Figures  4  and  5.  Figure  5.3  shows  a  simplified  block  dia¬ 
gram  of  the  schematic.  The  transition  to  be  tested  -  1  LSB  is  en¬ 
tered  into  the  An  register,  where  it  is  applied  to  the  reference  DAC 
and  a  digital  comparator.  The  digital  comparator's  other  input  comes 
from  the  device  under  test,  a  12  bit  A/D  converter.  The  latch  inserted 
between  the  ADC  and  the  digital  comparator  insures  that  only  valid 
data  is  applied  to  the  comparators,  i.e.  it  is  strobed  when  an  end 
of  convert  signal  is  received  from  the  ADC. 

The  digital  comparator  has  3  possible  outputs,  A^-B,  A=B,  or  A5»  B 
depending  on  the  relative  magnitude  of  the  transition  to  be  tested 
and  the  present  state  of  the  A/D  converter.  If  A-*^B,  the  input  to 
an  integrator  is  connected  to  +  5  volts  through  an  analog  switch. 

This  causes  the  integrator  to  ramp  downwards.  The  output  of  the  inte¬ 
grator  is  summed  with  the  analog  output  of  the  reference  DAC.  Since 
the  DAC  output  is  a  constant  DC  level  and  the  integrator's  output  is 
decreasing  their  inverted  sum  is-  rising,  which  forms  the  analog  input  to  the 
ADC.  The  ADC's  input  voltage  will  continue  to  increase  and  its 
digital  output  word  will  continue  to  decrease  until  the  digital  com¬ 
parator  decides  that  A=B  or  A>B.  When  this  happens,  the  analog 
switch  changes  state,  connecting  -5  volts  to  the  input  of  the  inte¬ 
grator.  This  causes  the  output  of  the  integrator  to  ramp  upwards. 

When  summed  with  the  DAC  output,  this  forces  the  ADC  input  voltage 
to  decrease,  which  increases  its  digital  output  word. 

In  this  way  it  can  be  seen  that  the  ADC  digital  output  word  locks 
onto  the  word  present  in  the  An  register,  and  couples  between  A  •£-  B 
and  A  —  B . 
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Figure  5.3.  Block  diagram,  12  Bit  A/D  Converter  test  circuit 
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igure  5.4.  Static  Test  Circuit.  (coat'd) 


For  use  in  conjunction  with  the 
12  bit  D/A  converter  S3260  Test 

Adapter _ 

Si  in  position  2  (Non  Inv) 


The  output  of  the  reference  DAC  and  the  analog  input  to  the  ADC  are 
summed  in  the  error  amplifier.  A  potentiometer  is  used  to  null  the 
offset  of  this  amplifier  to  zero.  The  capacitor  in  the  feedback  loop 
tends  to  average  out  the  fluctuations  in  the  A/D  input  voltage  due  to 
the  ramping  effect  of  the  integrator.  The  ADC  transition  voltage  can 
be  calculated  by  dividing  A  E0  by  the  gain  of  the  error  amplifier, 
and  then  subtracting  the  reference  DAC  voltage. 

Figure  5.7  shows  the  ADC  input  voltage  vs  time  when  the  transition 
voltage  from  0110  to  0111  is  to  be  measured.  It  is  assumed  that  the 
ADC  performs  a  conversion  every  10  usee  and  the  analog  input  to  the 
A/D  converter  ramps  up  or  down  at  a  rate  of  .005  LSB/usec.  when 
conversion  #1  is  complete,  the  reference  DAC  input  (0110)  is  equal  to 
the  ADC  output  so  the  integrator  continues  to  ramp  upward.  The  same 
thing  is  true  when  conversion  #2  is  completed,  10  usee  later.  When 
conversion  #3  is  complete,  however,  the  ADC  output  is  greater  than 
the  DAC  input,  so  that  AAB  and  the  integrator  begins  to  ramp  down¬ 
ward.  The  Adc  input  voltage  will  continue  to  cycle  around  the  tran¬ 
sition  voltage  from  this  point  onward.  It  should  be  noted  that  in 
Figures  5.7&5.8  downward  refers  to  increasing,  and  upward  decreasing 
A/D  input  voltage. 

In  the  previous  example  the  maximum  difference  between  the  actual 
transition  voltage  and  the  input  to  the  ADC  at  any  time  was  ,05  LSB. 

In  measuring  some  transitions  this  difference  may  become  as  large  as 
.1  LSB  due  to  the  way  in  which  the  ADC  performs  conversions.  Because 
the  MN5200  series  of  ADC's  are  successive  approximation  devices  they 
perform  conversions  by  setting  one  bit  at  a  time,  starting  with  the 
MSB.  Figure  5.8  shows  the  ADC  input  voltage  vs  time  when  measuring 
the  0111  to  1000  transition  voltage.  After  conversion  #1  is  completed 
the  ADC  input  voltage  will  ramp  upwards  because  A=B.  The  same  thing 
is  true  when  conversion  #2  is  completed  10  usee  later.  Conversion 
#3  is  now  begun,  starting  with  the  MSB.  Because  the  analog  input  to 
the  ADC  immediately  following  conversion  # 2  is  still  less  than  1000, 
the  MSB  will  be  set  to  a  0.  The  remainder  of  the  bits  will  be  set 
to  1,  resulting  in  an  ADC  output  of  0111  at  the  end  of  conversion  #3. 
Since  this  is  still  equal  to  the  input  to  the  DAC,  the  integrator 
continues  to  ramp  upwards.  Conversion  #4  will  result  in  a  value  of 
1000,  and  the  integrator  will  begin  to  ramp  downwards.  Conversion 
#5  also  results  in  a  value  of  1000,  and  the  integrator  continues 
downward.  Conversion  6  is  now  begun,  starting  with  the  MSB.  Because 
the  input  to  the  ADC  immediately  following  conversion  #5  is  still 
greater  than  1000,  the  MSB  will  be  set  to  a  1.  The  remainder  of  the 
bits  will  be  set  to  0,  resulting  in  an  ADC  output  of  1000  at  the  end 
of  conversion  #6.  Since  this  is  still  greater  than  the  input  to  the 
DAC,  the  integrator  continues  to  ramp  downwards. 
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The  ADC  input  will  continue  to  cycle  around  the  transition  voltage 
from  this  point  onward.  The  reason  that  the  ADC  input  voltage  did 
not  stray  as  far  from  the  actual  transition  voltage  when  measuring 
the  0110  to  0111  transition  was  that  in  that  case  only  the  least 
significant  bit  was  changing,  which  is  the  last  to  be  set  in  a  con¬ 
version.  In  both  cases  the  sawtooth  around  the  actual  transition 
voltage  is  filtered  out  in  the  error  amplifier  by  a  capacitor  in  the 
feedback  loop. 

5.3.3  Devices  Used  For  Testing 


(later) 
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dress  is  0110 


^DC  input  voltage  vs  time  when  measuring  0110  to  0111  transition  voltage. 


Increasing 

Voltage  "A"  address  is  0111 


measuring  0111  to  1000  transition  voltage 


5.4  Automatic  Test  Development 


Testing  A/D  converters,  particularly  12  bits  or  more,  is  a  difficult 
task  and  is  generally  only  performed  by  the  most  sophistocated  of  the 
users.  Traditionally,  A/D  converters  were  tested  using  a  D/A  con¬ 
verter  in  conjuction  with  an  oscilloscope.  The  D/A  converter  generally 
had  at  least  4  bits  more  than  the  device  to  be  tested.  The  implemen¬ 
tation  varied  but  in  all  cases  the  testing  was  tedious,  time  consuming, 
and  required  human  data  logging.  Manufacturers  of  the  devices,  in  an 
effort  to  reduce  test  time  and  costs,  are  attempting  to  automate  the 
testing  of  A/D  converters.  Some  already  have. 

A  major  portion  of  this  characterization  effort  was  devoted  to  the 
development  of  an  automatic  test  capability  for  the  S3260. 

Once  the  decision  was  made  to  test  A/D  converters  automatically,  the 
next  decision  to  be  made  was  how  to  implement  the  testing.  Did  all 
transitions  have  to  be  tested  or  could  an  abbreviated  test  method  be 
employed  which  tests  bit  errors  and  utilizes  superposition  to  test  the 
worst  case  linearity?  Unlike  the  D/A  converters  for  which  the  abbrevi¬ 
ated  test  method  has  been  used  successfully  by  most  manufacturers,  the 
A/D  converter  transition  voltages  are  not  so  clearly  defined.  A/D 
converters  are  tested  at  maximum  rated  speed  which  results  in  transient 
errors  that  will  distort  static  bit  weight  errors.  One  of  the  objec¬ 
tives  of  the  5200  characterization  effort  will  be  to  determine  whether 
or  not  an  abbreviated  test  method  could  be  employed  with  sufficient 
confidence  that  devices  with  missing  codes  would  be  detected.  It  should 
be  noted  that  when  testing  A/D  converters,  transition  voltages  are 
measured  and  not  dc  voltage  levels.  Transition  voltages  are  nominally 
set  at  1/2  LSB  below  nominal  voltage  levels  to  reduce  quantization 
errors  to  ±  1/2  LSB. 

Linearity  is,  without  a  doubt,  the  most  difficult  A/D  converter  param¬ 
eter  to  measure  accurately  and  unless  clearly  defined  may  confuse  the 
user.  Some  vendors  choose  to  use  "Best  Fit  Linearity"  as  opposed  to 
"End  Point  Linearity".  One  could  argue  that  "Best  Fit  Linearity" 
would  be  achieved  by  utilizing  a  Least  Squares  Straight  Line1-  but  that 
would  most  certainly  confound  the  less  sophistocated  user.  GE  would 
prefer  to  utilize  "End  Point  Linearity"  but,  since  high  speed  successive 
approximation  A/D  converters  are  not  necessarily  linear,  "Best  Fit 
Linearity"  will  be  employed.  "Best  Fit  Linearity"  will  be  defined  as 
the  straight  line  parallel  to  the  "End  Point  Linearity"  straight  line 
that  distributes  maximum  positive  and  negative  linearity  errors  equi¬ 
distant  ly  from  it.  This  is  a  definition  that  the  user  can  easily 
comprehend  and  apply. 
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To  make  the  testing  of  a  12  bit  A/D  converter  accurate  utilizing  a 
Tektronix  S3260,  it  was  necessary  to  design  a  reference  module  which 
contains  an  18  bit  reference  DAC,  buffer,  active  ground  drives,  and 
switching  to  provide  the  proper  voltages  and  logic  levels  to  test  all 
of  the  device  types  in  the  slash  sheet.  Since  the  characterization 
efforts  for  the  562,  12  bit  D/A  converter,  was  performed  concurrently 
with  the  5200  series  A/D  converters,  the  reference  module  was  designed 
to  accommodate  both  testers.  The  reference  module,  in  conjunction  with 
the  S3260  test  adapter  can  be  utilized  on  the  bench  if  the  S3260  under¬ 
socket  connections,  power  supplies  and  relay  actuators,' are  implemented 
in  the  bench  setup.  Manual  addressing  of  the  reference  DAC  is  provided 
via  toggle  switches.  Display  of  the  DUT  output  address  can  be  accom¬ 
plished  by  connecting  a  buffered  12  bit  LED  display  co  the  DUT  output 
address  register  via  a  pair  of  DIP  clips. 

The  technique  employed  to  measure  transition  voltage  employs  a  dither 
which  ramps  slowly  above  and  below  the  transition  voltage.  A  more 
detailed  description  of  the  test  circuit  is  contained  within  the  text 
of  this  report.  Part  of  the  test  development  will  be  to  select  the 
proper  dither  voltage  for  the  devices  being  tested.  Too  low  a  dither 
voltage  and  it  will  be  down  in  the  noise  level.  Too  high  a  dither 
voltage  and  it  will  limit  the  range  of  differential  non-linearity  mea¬ 
surement.  A  finite  amount  of  dither  will  provide  some  guard  banding 
for  detecting  devices  that  might  marginally  exhibit  missing  codes. 

5.4.1  Test  Program  Development 

Software  was  developed  for  the  Tektronix  S3260  test  system  to  provide 
for  automatic  testing  of  the  MN5200  series  of  Analog-to-Digital  con¬ 
verters.  The  test  circuit  used  in  conjunction  with  the  S3260  is  shown 
in  Figures  5.4,  5.5  and  5.6. 

Power  Supply  Currents 

Supply  currents  are  measured  first  with  all  bits  off  and  then  again  with 
all  bits  on.  +  15  VDC  is  forced  on  pin  15  and  the  current  flow,  Icc,  is 
measured.  +  5  VDC  is  forced  on  pin  2  and  the  current  flow,  Ilog> 
measured.  -  15  VDC  is  forced  on  pin  13  and  the  current  flow,  Iee,  is 
measured.  For  device  types  with  an  external  reference  -  10  VDC  is 
applied  to  the  external  reference  input  and  the  current  flow,  is 

measured.  The  limits  for  power  supply  currents  were  enlarged  to 
encompass  all  manufacturer's  devices.  Due  to  differences  in  implemen¬ 
tation  of  the  A/D  converter,  the  loads  on  the  positive  and  negative 
supplies  will  vary  from  one  manufacturer's  device  to  another.  The 
limitations  on  power  supply  currents  will  largely  be  imposed  by  the 
maximum  power  dissipation  specified. 
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Power  Dissipation 

Power  dissipation  can  be  calculated  from  the  supply  currents  according 
to  the  following  equation: 


PD  =  (15  Icc)  +  (5  ILOG)  ”  (15  lEE)  "  (10  p REF), 

' - 1 - 

(for  devices  with 
external  references 

Input  Logic  Voltage  Levels 

In  order  to  test  the  limits  on  the  input  logic  levels  at 
device  will  still  perform  conversions ,  one  conversion  is 
with  "clock"  and  "start  convert"  inputs  at  logic  "1"  =  + 
logic  "0"0  =  +  0„8  V.  Accuracy  of  the  final  conversion  must  be  insured. 

Output  Logic  Voltage  Levels 

The  output  logic  levels  are  checked  with  all  bits  on  and  with  all  bits 
off.  A  320  uA  load  is  placed  at  the  output  with  all  bits  on  and  the 
voltage,  Vgjjf  is  measured.  Then  a  3.2  mA  load  is  placed  on  the  output 
with  all  bits  off  and  the  voltage,  Vol»  is  measured. 

Output  Short  Circuit  Current 

The  "A"  register  is  set  to  1111  1111  1110  and  short  circuit  output 

current,  is  measured  for  (1)  address  bits,  (2)  "End  of  Convert",  and 
(3)  "Serial  Data  Out". 

Input  Low  Current 

Force  0  volts  on  the  "clock"  and  "start  convert"  inputs  and  the  current 
flow,  Ixl>  is  measured  for  each  respectively. 

Input  High  Current 

Force  +  5  volts  on  the  "clock"  and  "start  convert"  inputs  and  the  cur¬ 
rent  flow,  IjH  is  measured  for  each  respectively. 

Clock  Input  Pulse  Width 

All  static  tests  on  the  ADC  will  be  performed  with  the  minimum  input 
clock  pulse  width,  200  ns. 
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Conversion  Time 


Conversion  time  is  the  minimum  time  required  to  perform  a  complete  12 
bit  successive  approximation  conversion.  A  +  2.2  uf  solid  tantalum 
capacitor  should  be  connected  between  DOT  pins  15  (+)  and  10  (-)  for 
conversion  times  less  than  24  usee.  All  static  tests  will  be  performed 
at  the  maximum  rated  conversion  speed. 

Power  Supply  Sensitivity  Tests 

Power  supply  sensitivity  tes*-s  will  be  performed  both  with  all  bits  on 
and  all  bits  off.  Vcc  is  varied  ±  .45  V  and  the  variation  in  the  ADC 
transition  voltage  is  recorded,  PSSl.  Vee  is  varied  ±  .45  V  and  the 
variation  in  the  ADC  transition  voltage  is  recorded,  PSS2.  vLog 
varied  ±  0.5  V  and  the  variation  in  the  ADC  transition  voltage  is 
recorded,  PSS3. 

Absolute  Accuracy 

For  unipolar  devices  accuracy  will  be  measured  with  all  bits  on  only. 

For  bipolar  devices  accuracy  will  be  measured  with  all  bits  on  and  again 
with  all  bits  off.  The  "A"  register  is  set  to  1111  1111  1110  and  the 

last  transition  voltage  is  measured.  Then  the  "A"  register  is  set  to 
0000  0000  0000  and  the  first  transition  voltage  is  measured.  The 

accuracy  of  these  measured  transition  voltages  are  compared  with  the 
specification  limits  on  accuracy. 

Zero  Error 


For  a  unipolar  device  zero  error  cannot  be  measured  directly,  extra¬ 
polation  is  required.  First  and  last  transition  voltages  are  measured. 
A  straight  line  is  drawn'  between  these  points  and  extended  to  the  volt¬ 
age  corresponding  to  the  ADC  address  of  0000  0000  0000.  Calculated 

voltage  there  +  1/2  LSB  is  the  zero  error,  where  an  LSB  =  (Last  tran¬ 
sition  voltage  -  First  transition  voltage) /40 94.  Zero  Error  = 

Opl  +  LSB/2  -  0  where  Cxi  is  negative  for  device  types  1,  2,  9  and  10. 

.  Device  types  7,  8,  15,  and  16 

are  complementary  to  device  types  1,  2,  9  and  10  so  logic  inputs  to 
reference  DAC  (address)  are  complemented  and  1/2  LSB  is  subtracted 
from  the  first  transition  voltage. 


CtI  - 


LSB 

2 


0  =  zero  error 


where  0x1  is  positive 
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The  circuit  used  to  measure  linearity  of  the  MN5200  series  of  Analog 
to  Digital  converters  is  shown  in  Figures  5.4  &  5.5.  The  S3260  places  an 
address  in  the  "A"  register,  the  input  to  the  reference  DAC.  The  out¬ 
put  of  the  ADC  then  cycles  between  the  address  in  the  "A"  register  and 
that  address  plus  1  LSB.  For  example,  if  S3260  placed  0111  1111  1111 
on  the  input  to  the  reference  DAC,  the  outputs  from  the  ADC  will  alter¬ 
nate  between  0111  1111  1111  and  1000  0000  0000.  An  abbreviated  way 

of  representing  this  transition  is  to  place  an  asterisk  after  the 
address,  i.e.  1000  0000  0000*.  The  output  from  the  reference  DAC  is 

then  summed  with  the  input  to  the  ADC  in  the  error  amplifier.  The 
resulting  error  voltage  is  the  amplified  sum  of  the  output  of  the  DAC 
at  one  particular  address  and  the  ADC's  transition  voltage  to  the  next 
address.  Since  the  output  of  the  DAC  can  be  calculated  at  any  address, 
the  next  ADC  transition  voltage  can  be  determined  by  first  dividing  the 
error  amplifier  reading  by  the  amplifier's  gain,  and  then  adding  the 
output  voltage  of  the  DAC.  Linearity  for  the  5200  ADC  is  specified  as 
best  fit  straight  line.  Linearity  will  be  measured  as  end  point 
straight  line.  Best  fit  linearity  will  be  obtained  by  adding  max 
positive  and  max  negative  deviation  from  the  straight  line,  dividing 
the  result  by  two  and  offsetting  the  linearity  curve  accordingly.  To 
measure  the  end  point  linearity  of  the  ADC,  the  first  and  last  tran¬ 
sition  voltages  are  used  to  establish  an  ideal  straight  line.  All 
other  transition  voltages  are  compared  to  the  ideal  straight  line. 

.  -  « 

Two  basic  techniques  for  measuring  linearity  error  are  employed.  The 
first,  called  the  abbreviated  test  method,  tests  only  the  42  addresses 
listed  in  Table  5.2.  These  addresses  consist  of  all  of  the  major  carries 
in  addition  to  the  two  addresses  below  the  major  carries  and  one  add¬ 
ress  above  the  major  carries  (where  possible).  The  second,  tests  all 
transitions  between  0  and  full  scale.  In  both  cases  the  calculated  ADC 
transition  voltages  are  compared  to  the  ideal  straight  line  determined 
by  the  first  and  last  ADC  transition  voltages  to  calculate  the  linearity 
of  the  device. 

The  initial  measurements  and  adjustments  for  the  "abbreviated  test" 
and  the  "test  all  codes"  method  are  identical.  At  the  start  of  the 
test  the  "A"  address  is  set  to  0000  0000  0000  and  the  buffered  ref¬ 

erence  DAC  output  is  set  to  -  10.0000  V  by  adjusting  the  DAC  offset 
potentiometer.  This  establishes  (0).  A  Fluke  model 

8500A  5  1/2  digit  DVM  is  used  to  take  the  measurements  with  an  IEEE 
bus  to  interface  it  to  the  S3260.  The  "A"  address  is  then  set  to 
1111  1111  1111  and  the  buffered  reference  DAC  output  is  set  to 

+  9.9951V  by  adjusting  the  gain  potentiometer.  This  establishes 

VRCAC  (FS).  The  general  expression  for  the  buffered  reference  DAC  out¬ 
put  is: 


TAHT.ES  5.2.  Abbreviated  Test  -  A  Address  Input  Cories 

Ain  'S'-  M 


REF.  DAC.  ADDKESS  ADC  TRANSITION  VOI/T  '5 IT  i- 


1  0000 

00 

00 

1  oooo 

0000 

1 

0001 

0010 

2 

0010 

0011 

3 

0011 

0100 

4 

0100 

0101 

5 

0101 

0110 

6 

0110 

0111 

1 

0111 

1000 

8 

1000 

1001 

9 

1101 

4 

1110 

14 

> 

1110 

1 

nil 

15 

0000 

nil 

0001 

0000 

16 

0001 

0000 

0001 

0001 

17 

0001 

1101 

0001 

1110 

30 

0001 

1110 

0001 

nil 

31 

0001 

nil 

0010 

0000 

32 

0010 

0000 

0010 

0001 

33 

0011 

1101 

0011 

1110 

62 

0011 

1110 

oon 

nil 

63 

0011 

nil 

0100 

0000 

64 

0100 

0000 

0100 

0001 

65 

0111 

1101 

oin 

nio 

126 

0111 

1110 

0111 

nn 

127 

r 

0111 

1000 

nil 

0000 

- 

r 

1000 

1000 

0000 

0001 

128 

129 

0000 

1111 

1101 

0000 

1111 

1110 

254 

0000 

1111 

1110 

0000 

nn 

nil 

255 

0000 

ini 

nn 

0001 

0000 

0000 

256 

0001 

0000 

0000 

0001 

0000 

0001 

257 

0001 

nil 

1101 

0001 

1111 

1110 

510 

0001 

nil 

1110 

0001 

nn 

nn 

511 

0001 

mi 

nil 

0010 

0000 

0000 

512 

0010 

0000 

0000 

0010 

0000 

0001 

513 

0011 

nil 

1101 

0011 

nn 

1110 

.1022 

0011 

ini 

1110 

oo  n 

nn 

nn 

1023 

0011 

nil 

nil 

0100 

0000 

0000 

1024 

0100 

0000 

0000 

0100 

0000 

0001 

1025 

0111 

nn 

1101 

0111 

nn 

1110 

2046 

0111 

nil 

1110 

0111 

nil 

1111 

2047 

0111 

nil 

nn 

1000 

0000 

0000 

2048 

1000 

0000 

0000 

1000 

0000 

0001 

2049 
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VRnAr  (FS)  -  V  (0)  -  , 

VREIVG  (N-l)  =  Vrd^c  (0)  +  - _ -  (N-l)  [5.4J 

4095 


The  voltage  Vj^ac  (N-l)  is  derived  because  the  ADC  cycles  between  A&  Band 
A^B,  where  B  is  the  ADC  output  address. 

Next,  with  all  relays  deenergized,  both  inputs  to  the  error  amplifier 
are  grounded  and  the  output  offset  voltage,  E0  (0),  is  set  as  close  to 
0  as  possible  by  adjusting  the  op- amp  offset  potentiometer,  R  10  . 

E0  (0)  is  then  recorded.  This  completes  the  initialization  portion  of 
of  the  "abbreviated  test"  and  the  "test  all  codes". 

Abbreviated  Test  Method 

In  the  abbreviated  test  the  42  addresses  listed  in  Table  5.2  are  gen¬ 
erated  by  the  S3260  and  sequentially  applied  to  the  inputs  of  the  ref¬ 
erence  DAC.  The  voltage  at  the  output  of  the  error  amplifier,  E0  (N) , 
is  recorded.  Now  that  Vrpac  (N-l)  and  Eo  (0)  are  known,  the  ADC  tran¬ 
sition  voltages  can  be  calculated  from  Eo  (N). 

E0  (N)  -  Eo  (0)  =  -  %£)  (Vrq^c  (N-l)  +  VADCIN  (N))  [5.5] 

or  VADCIN  00  -  -  (||)(Eo  (N)  -  Ec  (0))  -  Vmc  (N-l)  [s.b] 

Transition  voltages  on  the  ideal  linearity  curve  will  hereafter  be 
referred  to  as  Op  (N) .  Op  (1)  =  VadcIN  (1)  and  Op  (4095)  =  VADCIN  (4095) 
since  the  first  and  last  transition  voltages  establish  the  ideal  end 
point  linearity  curve.  The  other  transition  voltages  on  the  ideal  lin¬ 
earity  curve  can  be  calculated  from  the  expression; 
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Gp  (N)  = 


(N-l)  +  Gp  (1) 


Gj  (4095)  -  Gj  (1) 
4094 
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Bit  errors  (deviations  from  the  ideal  straight  line)  can  now  be  deter¬ 
mined  : 


where 


£(N)  = 

LSB  = 


Vadcik  w  W 

LSB 

VADCIN  (4095)  VADC IN 

4094 


in  LSB 1 s 


(1) 


1 
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After  all  bit  errors  have  been  calculated,  the  addresses  of  the  maximum 
positive  bit  weight  error  and  the  maximum  negative  bit  weight  error  can 
be  determined. 

To  generate  the  word  for  maximum  positive  bit  weight  errors  a  logic 
"1"  is  placed  in  the  address  if  the  corresponding  bit  weight  error  is 
positive.  All  other  address  bits  are  set  to  logic  "0". 

To  generate  the  word  for  maximum  negative  bit  weight  errors  a  logic 
"1"  is  placed  in  the  address  if  the  corresponding  bit  weight  error  is 
positive.  All  other  address  bits  are  set  to  logic  "0". 

The  latter  two  addresses  (-1  LSB)  are  applied  to  the  "A"  address 
register  in  turn  and  the  error  voltages  are  measured.  ADC  transition 
voltages  and  bit  errors  are  calculated  as  before. 

The  offset  voltage,  BFOE,  to  achieve  "Best  Fit  Linearity"  will  be  ob¬ 
tained  as  follows: 


BFOE  =  r.,.NL  in  mV 

2 


Allow  1  sec  before  each  measurement  (or  more  if  necessary). 

Major  Carry  Errors  (MCEn)  are  the  differences  in  size  between  an  LSB 
at  a  major  carry  and  an  LSB  averaged  over  the  entire  range  of  the  ADC. 
They  are  calculated  from  the  ADC  transition  voltages  according  to  the 
following  equation: 
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MCE  (N)  = 


VADCIN  (N  +  L)  “  VADCIN  (N)  "  LSB 


LSB 


The  LSB  carry,  MCE  (12) ,  cannot  be  calculated 

The  previous  measurements  and  calculations  of  bit  weight  errors  and 
major  carry  errors  are  affected  by  hysteresis.  The  following  calcu¬ 
lations  derive  static  bit  weight  errors  and  static  major  carry  errors. 
The  major  carry  transition  is  ignored  and  the  transition  after  the 
major  carry  is  measured.  The  difference  between  the  two  transitions 
before  the  major  carry  provides  the  valve  used  for  an  LSB.  The  static 
bit  weight  errors  are  calculated  as  follows: 


^STATIC 


VADCIN  M  STATIC  -  CT^ 
LSBSTAT1C 


where  LSBgTATIC  -  VADCjn  (n_1)  “  VADCIN  (n“2) 


and  VADCIN  STATIC  “  VADCIN  (N  +  1)  -  LSBgTATIC 


From  the  equation  for  LSBstATIC  can  seen  that  static  bit  weight 
errors  cannot  be  determined  for  the  2  last  significant  bits  of  an  add¬ 
ress. 

Static  major  carry  errors  can  be  calculated  in  a  similar  fashion: 


MCEStatIC  W  “  VADCIN  (N  +  1)  “  VADCIN  (N_1)  "  LSBSTATIC 


where  LSBgTATIC  is  calculated  as  it  was  for  static  bit  weight  errors. 
Measure  All  Transitions 


After  the  ADC  is  allowed  to  warm  up  for  a  sufficient  amount  of  time, 
the  S3260  sequentially  applies  all  addresses  to  the  "A"  register.  The 
error  voltage  is  measured  and  recorded  at  each  address,  and  from  these 
error  voltages  the  ADC  transition  voltages  can  be  determined  as  before. 
Bit  Errors  (static  and  dynamic),  maximum  positive  and  negative  bit 
weight  errors,  nonlinearity,  and  major  carry  errors  (static  and  dynamic) 
are  all  determined  as  they  were  in  the  abbreviated  test  method. 
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SECTION  VI 


CHARACTERIZATION  OF  12-BIT  D/A  CONVERTERS 
MIL-M- 38510/121 


6.1  Background  and  Introduction 

The  increased  use  of  microprocessors  in  military  systems  has  stimulated 
interest  in  JAN  38510  specification  development  of  data  converters  and 
associated  devices  which  are  needed  to  interface  analog  sources,  sen¬ 
sors,  loads,  and  displays  with  digital  processing  hardware.  In  1978, 
the  first  JAN  D/A  Converter  slash  sheet  was  developed,  MIL-M-38510/113. 
The  DAC08  and  DAC08A  devices,  8-bit  monolithics  with  dual  complementary 
current  outputs,  fully  voltage  compliant,  low  cost  and  multi-sourced 
were  selected  for  the  slash  sheet. 

The  need  for  higher-resolution  D/A  Converters  will  be  filled  by  MIL-M- 
38510/121,  12-bit  D/A  Converters.  Monolithic  12-bit  converters  have 
only  recently  begun  to  displace  the  hybrid  devices  which  have  predomi¬ 
nated  the  marketplace  in  past  years,  and  there  is  reason  to  believe  this 
trend  will  continue.  The  562  is  one  of  the  first  12-bit  monolithics 
that  is  multi-sourced  and  has  been  identified  by  users  as  a  desirable 
component  for  military  systems. 

While  multi-sourcing  has  many  advantages,  it  presents  some  difficulty 
in  preparing  a  common  specification,  at  least  for  linear  devices  and  in 
particular  for  data  converters.  Of  three  manufacturers  which  offer  the 
562,  no  reasonable  compromise  of  specifications  could  be  negotiated  to 
include  even  two  manufacturers  on  one  device  type.  Consequently,  there 
are  two  device  types  in  the  slash  sheet,  each  sourced  by  only  one  manu¬ 
facturer;  the  third  device  is  not  included  at  this  time  for  reasons 
explained  within  the  following  text-. 

The  development  of  test  circuits  and  techniques  for  12-bit  data  con¬ 
verters  has  been  a  considerably  more  difficult  task  than  that  for  8-bit 
devices.  For  example,  when  one  is  measuring  linearity  to  limits  of  1/2 
LSB,  it  is  desirable  to  have  a  test  method  accurate  to*0.05  LSB,  or 
approximately^O.OOiy..  Noise  and  differences  in  ground  voltages  alone 
can  degrade  the  measurements,  not  to  mention  drift  and  meter  accuracy/ 
linearity.  These  concepts  are  also  addressed  within  the  text. 

An  attempt  was  made  in  this  device  characterization  to  measure  linearity 
both  with  the  "Abbreviated  Linearity  Test  Method",  using  bit  weight 
errors  and  superposition,  and  with  the  "All  Codes  Linearity  Test  Method" 
to  see  if  the  data  correlated  well.  How  well  the  data  correlates  will 


be  largely  determined  by  how  much  superposition  error  is  present. 
Superposition  errors  referred  to  here  are  bit  interactive  errors.  The 
devices  tested  correlated  well  but  it  is  to  be  expected  that  some  manu¬ 
facturers  devices  will  not  correlate  well.  Devices  with  appreciable 
interactive  errors  may  not  pass  the  Abbreviated  Linearity  Test  because 
of  the  «£.  (+)  NL  +  *S.(-)  NL  test.  Restricting  the  summation  of  Bit 
Weight  Errors  to  ±0.1  LSB  will  be  difficult  to  pass  if  interactive 
errors  are  appreciable.  However,  failing  to  meet  this  requirement 
does  not  necessarily  mean  that  the  device  will  not  meet  the  overall 
linearity  requirement  of  ±  0.5  LSB.  It  is  for  that  reason  that  the 
device  then  be  subjected  to  an’All  Codes  Linearity  Test.'  A  failure 
therein  would  be  final. 

In  like  manner  implementation  of  a  ±  0.9  LSB  differential  non-linearity 
(MCE)  insures  that  a  device  with  a  marginal  error  will  not  be  judged 
monotonic  (or  non-monotonic)  when  non-linearities  and  measurement 
errors  may  make  the  device  look  better  (or  worse)  than  it  really  is. 

If  the  MCE  is  within  the  range  ±  0,9  to  ±  l.l  LSB  the  device  then  would 
be  subjected  to  an  all  codes  linearity  and  monotonicity  test.  The  all 
codes  monotonicity  test  as  implemented  herein  is  much  more  accurate. 

A  failure  therein  would  be  final. 
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6.2  Description  of  Device 


The  562  is  a  monolithic  12  bit  D/A  Converter  with  guaranteed  monoton¬ 
icity  over  the  full  military  operating  temperature  range,  -55  to  125°C. 
The  device  is  mounted  in  a  hermetically  sealed  ceramic  24  lead  dual  in¬ 
line  package.  The  362  accepts  a  reference  voltage  of  0  to  +  10  V  and 
provides  a  binary  weighted  output  current  proportional  to  the  product 
of  the  digital  address  input  and  the  reference  voltage,  when  the  ref¬ 
erence  voltage  is  variable  the  device  is  a  two  quadrant  DAC.  On  the 
other  hand,  when  the  reference  voltage  is  fixed  the  device  is  simply  a 
DAC  with  a  nominal  output  current  of  -2  mA.  Laser-trimmed  internal 
gain  ,  voltage-range  and  bipolar  offset  resistors  are  incorporated  to 
provide  accurate  output  voltages  when  used  in  conjunction  with  an  ex¬ 
ternal  amplifier.  Scaling  errors  are  minimized  because  of  low  resistor 
tracking  TCR;  approximately  1  ppm/c° .  The  following  ranges  can  be  pin- 
prog  rammed j 

0  to  +  10  V,  0  to  t  5  V  , 

-  5  to  +  5  V,  -2.5  to  +  2.5  V 

-10  to  +  10  V 


The  digital  code  for  the  device  is  natural  binary  "positive  true".  In 
the  bipolar  mode  the  digital  code  is  offset  binary 


Address  In 


Unipolar  Bipolar 


0000  0000  0000 
1000  0000  0000 
1111  1111  1111 


0  V 

+  5.000  V 
+  9.99878  V 


-  10.000  V 

0  V 

+  9.99572  V 


The  device  is  CMOS  or  TTL  compatible.  With  pin  2  connected  to  pin  1 
the  device  is  CMOS  compatible  and  the  internal  logic  threshold  is 
and  the  voltage  may  be  4.75  to  +  15.8  V.  With  pin  2  open  for  device 
type  01  and  grounded  for  device  type  02  the  logic  threshold  is  approxi¬ 
mately  +  1.4  V  and  the  device  is  TTL  compatible  with  VCc  ?  +  5  V  ±  10%. 
The  562  is  available  in  both  binary  and  BCD  versions. 

The  562  current  output  is  the  weighted  sum  of  the  outputs  of  three 
similar  groups  of  binary  scaled  quad  current  generators,  controlled  by 
Vr.  The  logic  inputs  steer  these  currents  through  non- saturating  bi- 
polar-transistor  current  switches  to  either  ground  or  the  respective 
quad  output  bus.  The  output  currents  from  the  2nd  and  3rd  quads  are 
attenuated  by  16:1  and  256:1  respectively  for  binary  and  by  10:1  and 
100:1  respectively  for  BCD.  The  attenuated  outputs  are  then  summed 
with  the  unattenuated  output  of  the  1st  quad.  The  output  current  is 
then  the  sum  of  12  individually  switched  currents  having  a  binary 
relationship. 
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The  current  generating  transistors  from  each  quad  group  have  emitter 
areas  in  the  ratio  of  8:4:2; 1.  The  ladder  network  resistances  are  in 
the  ratio  of  1; 2:4:8.  With  equal  voltages  applied  to  the  resistors,  the 
emitter  currents  are  therefore  in  a  binary  ratio.  Because  of  the 
weighted  emitter  area,  the  transistors  operate  at  equal  emitter  current 
densities  and  therefore  have  nearly  equal  VgE's  and  hpg's.  The  control 
amplifier  (Al)  drives  the  bases  of  the  constant  current  transistors  and 
a  reference  transistor,  which  has  hEE  and  Vgg  matched  to  those  of  the 
constant  current  and  bit  switching  transistors. 

VR  is  applied  to  the  externally  trimmable  gain  resistor  (Rl)  to  set  a 
reference  current  of  0.5  mA.  Amplifier  Al  establishes  the  appropriate 
base  voltage  to  force  collector  current  of  Ql  equal  tolR.  Variations 
in  hFE,  VgR,  or  supply  voltage  with  time  and/or  temperature  are  sensed 
in  the  reference  amplifier  circuit  and  the  reference  amplifier  adjusts 
VBE  to  maintain  the  collector  current  of  Ql  (and  therefore  the  bit  cur¬ 
rents)  constant  in  the  presence  of  these  variations. 

6.3  Characterization  of  the  562 

6.3.1  STATIC  TEST  PARAMETERS  (See  Table  6.1) 

Supply  Current  (Icc) 


The  current  drain  on  the  Vcc  supply  is  measured  with  all  bits  on  in  the 
CMOS  made  since  it  represents  the  worst  case.  Vcc  *  +  15  V. 

Supply  Current  Oee) 


The  current  drain  on  the  Vjje  supply  is  measured  with  all  bits  on  in 
the  CMOS  mode.  VEE  = -  15  V.  . 

Logic  "1"  Input  Current  (Ijh) 


Logic  "1"  input  current  is  measured  in  the  CMOS  mode  with  Vcc=  +  15  V 
since  it  represents  a  worst  case. 

Logic  "0"  Input  Current  (IIE) 

Logic  "0"  input  current  is  measured  in  the  CMOS  mode  with  V?c=  +  15  V. 
Since  it  represents  a  worst  case. 

Full  Scale  Current  (Igg) 

DUT  output  current  is  measured  with  all  bits  on.  Subtracting  the  value 
of  output  current  with  all  bits  off  from  that  obtained  with  all  bits  on 
provides  a  measure  of  IEE . 
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Unipolar  Zero  Current  (Ioz) 


Unipolar  zero  current  is  leakage  current  in  the  unipolar  mode  with  all 
bits  off.  It  is  specified  as  a  percent  of  measured  full  scale  current 
(Ifs)  at  +  25° C  and  is  specified  separately  for  CMOS  and  TTL  modes. 

Unipolar  Zero  Current  Drift 


Unipolar  zero  current  drift  is  the  average  temperature  coefficient  of 
unipolar  zero  current.  The  average  temperature  coefficient  is  measured 
from  +  25  to  +  125°C  and  from  -55  to  +  25°C.  Neither  value  shall 
exceed  the  limits  specified  in  Table  II.  Ipg  in  the  expression  for 
unipolar  zero  current,  drift  is  IFg  at  +  25° C. 


Gain  Error  (G<c  ) 

The  562  d/A  converter  provides  a  current  output  that  is  proportional 
to  the  digital  address  applied  to  it.  The  output  current  has  a  ±  257. 
tolerance  but  provided  within  the  device  is  a  tapped  span  resistor 
which  may  be  usej  in  conjunction  with  an  external  operational  amplifier. 
The  span  resistor  is  laser  trimmed  to  offset  the  loose  tolerance  on 
output  current  and  provide  a  voltage  gain  tolerance  of  ±  .257,  at  the 
amplifier  output.  Unipolar  gain  is  measured  and  it  is  defined  as  the 
difference  between  the  output  voltage  with  all  bits  on  and  the  output 
voltage  with  all  bits  off  with  an  applied  reference  voltage  of  +  10.000 
VDC .  Gain  error  is  specified  in  ppm  of  Full  Seale  Voltage  (FSV),  +  10V. 
Gain  error  is  specified  separately  for  CMOS  and  TTL  modes. 

Gain  Error  Drift  - - 

_ »FSV  ^  T 

Gain  Error  Drift  is  the  average  change  in  gain  as  a  function  of  temp¬ 
erature.  The  average  temperature  coefficient  is  measured  from  +25  to 
+125° C  and  from  -55  to  +125°C.  Neither  value  shall  exceed  the  limits 
specified  , 

Bipola r  Offset  Error  (BPOE) 

Bipolar  Offset  Error  is  the  voltage  measured  at  the  DUT  output  (pin  9) 
with  +  10.000  V  applied  to  the  bipolar  offset  resistor  (pin  7)  and 
-  10.000  V  applied  to  the  20  volt  span  resistor  (pin  11)  with  DUT  pins 
8  and  9  connected  together.  BPOE  includes  the  effects  of  unipolar  zero 
(leakage)  current . 

Bipolar  Offset  Drift  (^SVR'Af") 

Bipolar  Offset  Drift  is  defined  as  the  change  in  offset  voltage  with 
respect  to  full  scale  per  centigrade  degree  temperature  change. 
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Power  Supply  Sensitivity  From  Vcc  In  TTL  Mode  (4-PSSl) 

The  change  in  output  voltage  is  measured  for  a  ±  10%  change  in  Vcc  from 
nominal  +■  5  VDC  with  VEE  at  nominal  -  15  VDC.  Measurement  is  made  with 

all  bits  off  and  also  with  all  bits  on.  Neither  change  in  output  volt¬ 

age  shall  exceed  the  limits  specified  in  Table  6,1. 

Power  Supply  Sensitivity  From  Vcc  in  CMOS  Mode  (H-PSS2) 

Same  as  PSSl  except  Vcc  nominal  is  +  15  VDC  and  DUT  pins  1  and  2  jump¬ 
ered  together. 

Power  Supply  Sensitivity  From  VpE  in  TTL  Mode  (-PSSl) 

The  change  in  output  voltage  is  measured  for  a  ±  10%  change  in  VEE 
from  nominal  -  15  VDC  with  Vcc  at  +  5  VDC.  Measurement  is  made  with 

all  bits  off  and  also  with  all  bits  on.  Neither  change  in  output  volt¬ 

age  shall  exceed  the  limits  specified  in  Table  6.1. 

Power  Supply  Sensitivity  From  VEE  IN  CMOS  Mode  (-PSS2) 


Same  as  -PSSl  except  that  Vcc  is  set  at  a  nominal  value  of  +  15  VDC 
and  DOT  pins  1  and  2  are  connected  together. 

Summation  of  Positive  Bit  Errors  (  NL+) 

Assuming  negligible  superposition  errors,  the  application  of  the 
address  with  logic  "l"s  for  those  bits  which  when  tested  alone  exhibited 
positive  bit  errors  should  yield  the  maximum  positive  deviation  from  the 
ideal  linearity  curve,  a  straight  line  between  zero  and  full  scale. 

Summation  of  Negative  Bit  Errors  QTNL-) 

Assuming  negligible  superposition  errors ,the  application  of  the  address 
with  logic  "l"s  for  those  bits  which  when  tested  alone  exhibited  nega¬ 
tive  bit  errors  should  yield  the  maximum  negative  deviation  from  the 
ideal  linearity  curve,  a  straight  line  between  zero  and  full  scale. 

Bit  Interaction  (CNL(+)  +  XNL(-)) 

At  full  scale  IT  NL(+)  +JTNL(-)  is  assumed  to  be  zero.  It  follows  that 
this  relationship  shall  hold  over  the  full  range  of  the  DUT.  Any  devi¬ 
ation  from  this  relationship,  aside  from  measurement  error,  shall  be 
assumed  to  be  due  to  non-linearity  (superposition  errors).  Devices 
which  exhibit  a  bow  in  the  linearity  curve  from  zero  to  full  scale  will 
exhibit  superposition  errors*.  Assuming  a  measurement  accuracy  of  ±  .05 
LSB,  the  limits  applied  to  this  parameter  were  chosen  to  be  large  enough 
to  measure  the  existence  of  superposition  errors.  Failure  to  pass 
this  test  does  not  constitute  a  module  failure  but  requires  the  addi¬ 
tional  all  codes  linearity  and  monotonicity  testing.  A  failure  to  pass 
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the  latter  constitutes  a  module  failure.  Successful  completion  of  the 
all  codes  tests  insures  that  the  device  is  linear  to  within  specified 
limits  and  is  monotonic. 


Major  carry  Errors  (MCE) 

The  major  carry  test  is  intended  to  insure  that  the  DUT  is  monotonic. 

To  be  monotonic  the  output  voltage  increment  must  be  greater  than  0  V 
for  each  increment  of  DUT  address  from  all  "0"s  to  all  "l"s  (0  to  4095). 
Assuming  negligible  superposition  errors  and  no  dynamic  errors,  the 
incremental  voltages  at  the  major  carries,  MCl-MCll,  should  represent 
the  worst  case  differential  nonlinearity.  A  differential  non-linearity 
of  less  than  +  1  LSB  insures  monotonicity.  Since  noiv-monotonicity  can 
be  disastrous  in  many  device  applications  and  the  measurement  accuracy 
of  the  tester  is  ±  .05  LSB  (max),  a  tolerance  of  ±  0.9LSB  is  placed  on 
this  parameter.  Failure  to  pass  this  test  within  ±0.1  LSB  will  not 
constitute  a  failure  but  will  require  the  vendor  to  test  all  codes 
monotonicity  and  linearity.  Successful  completion  of  the  latter  insures 
that  the  device  is  monotonic. 

6.3.2  DYNAMIC  TEST  PARAMETERS  (+  25°C  only) 

The  settling  time  test  measures  the  response  time  between  the  50%  point 
of  the  input  transition  (all  bits  on  to  all  bits  off  or  all  bits  off  to 
all  bits  on)  and  the  point  in  time  at  which  the  output  settles  to  within 
±  1/2  LSB  of  final  value.  For  a  device  type  01>±  0.24  uA  =  ±  1/2  LSB 
corresponds  to  ±  1.22  mV.  For  a  device  type  02;±  0.61  uA  =  ±  1/2  LSB 
and  with  a  2K  load  ±  1/2  LSB  corresponds  to  ±  1.22  mV. 

6.3.3  STATIC  TEST  CIRCUIT 


The  static  test  circuit  shown  in  Fig.  6.2  is  a  simplified  version  of 
the  test  circuit  utilized  on  the  S3260.  Not  shown  are  the  ground 
drivers  that  were  required  because  of.  the  physical  separation  of  the 
reference  DAC,  the  test  adapter  circuitry  and  the  DUT.  Also  not  shown 
is  a  voltage  follower  buffer  inserted  between  the  reference  DAC  refer¬ 
ence  voltage  output  (pins  52,  53  on  DAC  1138)  to  minimize  output  volt¬ 
age  shifts  due  to  loading.  Table  6.2  indicates  the  relay  states  for 
the  various  parameters  to  be  tested. 

Al  is  the  error  amplifier  which  converts  the  DUT  output  current  to 
voltage  and  compares  it  to  the  corresponding  Ref.  DAC  output  and  ampli¬ 
fies  the  difference.  The  amplified  difference  voltage  is  used  to  pro¬ 
vide  an  accurate  measure  of  DUT  gain,  linearity,  power  supply  sensitivity, 
and  in  a  slightly  different  circuit  configuration  to  test  BPOE.  With 
all  relays  deenergized  the  error  amplifier  inputs  are  both  connected  to 
ground  the  thtough  3K.£1*  resistors  and  the  amplifier  offset  voltage  may  be 
trimmed  to  zero.  The  offset  trim  is  a  20  K-Sl*  potentiometer  connected 
between  amplifier  pins  1  and  8  with  the  wiper  tied  to  +  15  V. 
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A2  is  a  unity  gain  inverting  amplifier  that  is  employed  only  for  BPOE 
measurements.  It  provides  an  accurate  -10.000  VDC. 

A3  and  A4  are  Reference  Voltage  and  Reference  DAC  output  buffer  ampli¬ 
fiers.  They  are  tested  and  trimmed  (if  necessary)  'at  the  start  of  any 
sequence  of  device  testing,  utilizing  a  Fluke  8500  DVM  (or  equiv.). 
Once  done  the  test /cal.  need  not  be  repeated  for  subsequent  DUT  tests. 

Input  and  output  currents  were  measured  by  forcing  the  appropriate 
voltage  levels  and  measuring  currents.  Just  how  these  tests  are  im¬ 
plemented  will  be  governed  by  the  equipment  available  to  the  tester. 

6.3.4  SETTLING  TIME  TEST  CIRCUIT 


Fipuie  6.3  shows  the  settling  time  test  circuit  employed  by  GEOS  to  test 
Javice  types  01.  Dl  biases  Ql  such  that  the  emitter  of  Ql  (DUT  output) 
is  maintained  approximately  at  0V.  Ql  is  a  common  base  amplifier  which 
converts  DAC  output  current  variations  to  voltage  variations.  The 
commnion  base  amplifier  was  selected  because  of  its  excellent  high 
frequency  response.  The  collector  voltage  swing  is  clamped  to  within  a 
Sciiottky  voltage  drop  of  +  5  VDC.  Capacitance  in  the  collector  cir¬ 
cuit  of  the  Ql  transistor  should  be  minimized  because  of  the  large 
value  of  R.  For  a  device  type  01  R  =  5K  and  for  a  device  type  02 
R  =  2k.  Vj,  3\+  15  V  for  "turn  on"  (all  bits  off  to  all  bits  on)  and 
+  5  V  for  "turn  off"  (all  bits  on  to  all  bits  off).  Q2  and  Q3  provide 
differential  buffering  of  the  Ql  output. 

To  test  all  bits  off  to  all  bits  on  settling  time  V^  is  adjusted  for  a 
Ql  output  voltage  of  +5  V  with  all  bits  on  (Vc  $  +  15  V)  and 

Rx,  =  5K.  A  square  wave  voltage  is  applied  to  the  DUT  address  inputs  (Vins) 
and  the  scope  preamp  is  adjusted  so  the  flat  portion  of  the  wave¬ 
form  corresponding  to  all  bits  on  is  on  the  center  line  of  the  screen 
with  a  sensitivity  of  1  mV/cm.  The  positive  edge  of  V£n  is  used  to 
trigger  the  scope  and  the  sweep  start  is  marked  on  a  vertical  graticule 
of  the  scope  trace.  Settling  time  is  then  measured,  the  time  required 
for  the  output  to  settle  to  within  ±  0.5  LSB  (or  ±  1.22  mV). 

To  test  "all  bits  on  to  all  bits  off"  settling  time.VL  is  adjusted  for 
a  Ql  output  voltage  of  +5vwith  all  bits  off  and  R^  =  A 

square  wave  voltage  is  then  applied  to  the  address  inputs  (Vin) •  The 
scope  trace  is  adjusted  to  locate  the  flat  portion  of  the  output  wave¬ 
form  corresponding  to  "all  bits  off"  on  the  center  lihe  with  a 
vertical  sensitivity  of  1  mV/cm.  The  sweep  trigger  alignment  may 

need  readjustment  since  the  scope  must  trigger  on  the  negative  edge  of 
vin*  Settling  time  is  then  measured,  the  time  required  for  the  output 
voltage  to  settle  to  within  ±  1/2  LSB  (±  1.22  mV).  Figure  6 *3  shows  the 
waveforms  and  Figure  6.7  shows  photographs  of  typical  settling  times 
measured. 
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6.3.5  DEVICES  USED  FOR  TESTING 


There  were  13  devices  tested  of  which  6  were  obtained  directly  from 
Analog  Devices,  6  were  obtained  from  Analog  Devices  through  RADC,  and 
1  was  purchased  by  GEOS.  Data  is  only  tabulated  for  12  devices  because 
one  of  the  six  devices  obtained  directly  from  Analog  Devices  with 
+  25° C  data  failed  during  the  course  of  test  program  development. 
Repeated  rapid  cycling  between  +  25° c,  +  125° C  and  -  55° C  may  have  been 
responsible  for  the  failure:  Device  S/N  4311  failed. 

S/Ns  4310  -  4315  Samples  obtained  from  Analog  Devices 

with  +  25°C  data 

S/Ns  19,  20,  21,  25,  36  Samples  obtained  from  RADC 
&  48 

S/N  5  Purchased  sample 

All  devices  characterized  were  Analog  Devices  only. 

The  devices  with  S/Ns  4310  -  4315  appeared  to  be  significantly  better 
than  the  others  in  settling  otherwise  differences  were  not  significant. 

Three  device  type  02s  were  tested  and  found  to  be  out  of  specification. 
However,  the  origin  of  the  devices  is  unknown.  Harris  has  been  asked 
to  submit  samples  with  data  (if  possible)  for  characterization. 

6.4  Automatic  Test  Development 

One  of  the  primary  considerations  in  attempting  to  test  a  12  bit  D/A 
Converter  on  the  Tektronix  S3260  is,  "How  does  one  measure  DAC  output 
linearity  to  ±  .001%  and  fast  enough"  that  the  S3260  isn't  tied  up 
for  long  periods  of  time.  GEOS  chose  to  implement  a  comparative  type 
test  which  utilizes  a  Reference  Module  in  conjunction  with  the  S3260 
test  adapter  to  test  the  device's  linearity  and  accuracy.  The  ref¬ 
erence  module  contains  an  18  bit  D/A  Converter  (12  MSBs  used)  some 
switches,  some  buffer  amplifiers,  and  active  ground  drivers.  It  was 
designed  to  interface  with  D/A  and  A/D  Converters  with  12  bits  or 
more.  It  contains  switching,  logic,  and  buffer  amplifiers  and  is 
capable  of  interfacing  accurately  with  A/D  and  D/A  converters  of 
various  ranges  and  codes.  It  was  primarily  designed  to  interface 
with  the  562  series  of  12  bit  D/A  Converters  and  the  5200  series  of 
12  bit  A/D  Converters.  See  Figure  6.6. 
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Another  consideration  in  testing  devices  with  such  accuracy  on  the 
S3260,  or  any  other  automatic  tester  for  that  matter,  is  grounding 
and  line  drops.  If  the  test  circuits  were  designed  f.or  bench  test, 
the  circuitry  would  be  kept  close  together  and  unipoint  grounding 
employed.  All  of  the  precautions  would  be  taken  to  minimize  voltage 
drops  on  critical  wires,  avoid  ground  loops,  and  prevent  oscillations. 
However,  maintaining  the  close  proximity  and  unipoint  grounding  on 
the  S3260  is  next  to  impossible.  Therefore  an  alternate  approach 
was  taken.  Active  ground  drivers  (See  Fig. 4.1)  consisting  of  a  cas¬ 
caded  connection  of  an  OP  05  amplifier  and  a  hybrid  driver  (LH0002) 
in  the  voltage  follower  configuration  were  employed  to  drive  the  DUT 
and  adapter  grounds  separately  to  the  same  ground  potential  as  the 
reference  module  ground.  Care  was  taken  in  the  selection  of  adapter 
devices  to  minimize  power  consumption  (by  using  low  power  Schottky  for 
example)  and  keeping  the  driven  grounds  disconnected  from  machine 
ground.  Offset  voltage  trims  were  implemented  on  the  OP  05s  to 
enable  adjustment  of  the  JT  and  adapter  grounds  to  0  V  relative  to 
the  Ref.  d/a  ground.  The  technique  worked  exceptionally  well  and 
contributed  largely  to  the  ultimate  success  in  obtaining  better  than 
±  .05  LSB  measurement  accuracy  on  linearity  measurements.  A  12  bit 
D/A  converter  in  the  unipolar  mode  on  the  0  to  10  V  range  has  an  LSB 
voltage  increment  value  of  2.44  mV.  ±  .05  LSB  equals  ±  122  mV,  a 
very  small  voltage. 

Also  employed,  as  shown  in  Figure  4.3-  are  buffer  amplifiers  for  the 
Reference  D/A  output  and  the  Reference  Voltage  output.  The  amplifiers 
are  differential  and  remote  ground  and  output  sense  lines  are  employed 
to  prevent  line  drop  from  deteriorating  measurement  accuracies. 

It  should  be  noted  that  the  reference  module  when  used  with  the  S3260 
test  adapter  provides  a  simple  setup  for  bench  testing.  Aside  from 
some  test  equipment,  all  that  is  required  is  the  undersocket  card 
interface.  This  feature  enables  the  DUT  to  be  tested  with  access  to 
all  of  the  adapter  circuitry  on  the  under  socket  card  that  is  not 
readily  accessible  on  the  S3260. 

The  method  employed  for  testing  the  linedrity  and  accuracy  of  the  562 
is  illustrated  in  Figure  6.2.  The  Reference  D/A  output  voltage  is 
fed  to  the  10  volt  span  resistor  (DUT  pin  10)  via  relays  Kl  and  k5. 
Both  Reference  D/A  output  drive  and  Reference  D/A  output  sense  lines 
are  switched  separately  and  connected  together  at  DUT  pin  10.  For 
any  given  DUT  address  the  difference  between  the  DUT  output  and  the 
Reference  D/A  output  are  compared,  inverted  and  amplified.  Use  of 
the  10  volt  span  resistor  is  possible  because  the  span  resistors  are 
laser  trimmed  to  compensate  for  full  scale  current  deviations  from 
nominal  and  provide  nominal  output  voltage  when  used  in  conjunction 
with  a  zero  offset  external  op  amp.  if  full  scale  current  is  low  by 
107.  from  nominal  then  the  span  resistor  will  be  high  by  107..  With 


GND  Drive 


Figure  6.1.  Simplified  Interconnect  Schematic 


all  relays  deenergized  the  error  amplifier  offset  voltage  is  trimmed 
to  OV,  E0  =  0  V.  The  Reference  voltage  is  adjusted  to  +  10.0000  V  a 
adapter  pin  22,  as  read  on  a  Fluke  8500/toVM.  The  Reference  D/A 
address  inputs  are  set  to  all  zeros,  relays  Kl  and  K5  are  energized 
and  the  Reference  D/A  output  voltage  at  DUT  pin  10  is  adjusted  to 
(offset  adj)  to  -  10,000  V,  as  read  on  the  Fluke  8500.  The  Reference 
D/A  address  inputs  are  then  set  to  all  ones  and  the  Reference  D/A 
output  voltage  at  DUT  pin  10  is  adjusted  (gain  adj)  to  +  9.9951  V,  as 
read  on  the  Fluke  8500.  The  Reference  D/A  output  voltage,  the  Ref¬ 
erence  voltage,  and  the  error  amplifier  have  been  calibrated  and  the 
test  proceeds.  With  the  DUT  address  bits  all  zeros,  the  Reference 
D/A  output  voltage  is  incremented  by  a  small  but  finite  voltage  and 
the  change  in  voltage  at  the  error  amplifier  output  noted.  Dividing 
the  change  in  output  voltage  by  the  change  in  input  voltage  provides 
the  error  amplifier  gain  (inverted)  which  is  necessary  to  accurately 
measure  the  Reference  D/A  output  voltage  divided  by  the  10  V  span 
resistance  for  a  given  address  is  compared  to  the  DUT  output  current 
for  a  corresponding  address.  It  should  be  noted  here  that  the  Ref¬ 
erence  DAC  employed  required  complimentary  logic.  In  Table  the 

codes  are  shown  as  such,  eg  all  0's  applied  to  the  DUT  provides  a 
nominal  -  9.997  KV  (equivalent)  output.  All  l's  applied  to  the  Ref¬ 
erence  D/A  provides  a  nominal  +  9.9975  V  output  and  all  "0"s  applied 
to  the  Reference  D/A  provides  a  nominal  0  V  .output.  The  reference 
module  enables  a  complimentary  of  the  Reference  D/A  address  inputs 
to  enable  the  same  address  codes  to  be  applied  to  both. 

To  measure  linearity,  the  DUT  equivalent  output  voltages  (IG  R^)  at 
zero  and  full  scale  are  obtained  by  measuring  E0  (adapter  pin  31)  for 
all  DUT  and  Reference  D/A  out  bits  off  and  for  all  DUT  and  Reference 
D/A  out  bits  on  respectively.  The  DUT  equivalent  ou»-put  voltages  are 
calculated  using  the  following  relationship 

lo  Ri  =  -  (  +  Reference  D/A  out) 

A  straight  line  is  established  between  these  two  points  and  subsequent 
measurements  of  DUT  outputs  for  any  given  address  can  be  compared  to 
the  straight  line  which  is  the  ideal  linearity  curve.  The  equations 
for  linearity  and  gain  accuracy  are  given  in  more  detail  written  the 
automatic  test  program  development  portion  of  this  report. 

One  other  important  factor  to  consider  in  testing  12  bit  D/A  converters 
is  temperature  stability.  Warm  up  time  before  test  varies  from 
vendor  to  vendor.  The  device  dissipates  as  much  as  600  mW  and  it  will 
take  a  finite  amount  of  time  for  temperature  to  stabilize  upon  turn 
on.  Just  how  long  the  stabilization  period  allowed  should  be  depends 
upon  how  fast  the  codes  are  tested.  Vendors  using  the  abbreviated 
test  method  for  measuring  linearity  are  not  as  sensitive  but  not 
insensative  to  thermal  shifts.  In  testing  the  devices  on  the  S3260 
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in  the  all  codes  linearity  test  mode  the  data  obtained  was  very  sen¬ 
sitive  to  stabilization  time  just  as  the  data  would  be  in  a  bench 
test  setup.  All  final  test  data  was  taken,  abbreviated  and  all 
codes,  after  a  soak  at  temperature  of  12  minutes.  The  long  stabili¬ 
zation  period  was  probably  due  to  the  fact  that  the  temptronics  unit 
cools  the  DUT  directly  but  does  not  cool  the  lowef  portion  of  the 
DUT  connector:  There  is  a  steady  flow  of  room  underneath.  The  stabi¬ 
lization  time  is  probably  related  to  the  time  it  takes  for  some 
equilibrium  condition  to  occur. 

6.4.1  Test  Program  Development 

A  test  program  was  developed  for  the  Tektronix  S-3263  to  enable  auto¬ 
matic  testing  of  the  562,  12  bit  monolithic  D/A  converter.  Figure 
6.2  shows  the  schematic  diagram  of  the  test  circuit  which  includes  the 
Reference  Module  and  the  S-3263  Test  Adapter  (see  Figure  6.5  and  6.6 
for  photographs) . 

A  calibration  sequence  is  always  run  at  the  start  of  testing  to  insure 
that  the  zero  and  full  scale  output  voltages  of  the  Reference  DAC  and 
the  DUT  reference  voltage  are  accurate.  Adjustments  are  provided  on 
the  Reference  Module  for  trimming  the  latter  voltages.  For  calibra¬ 
tion  there  are  jacks  provided  on  the  Test  Adapter  to  connect  an  ex¬ 
ternal,  highly  accurate,  DVM  (e.g.  Fluke  Model  8500A  or  HP  Model 
3455A) . 

The  test  program  proceeds  as  follows: 

1.  Power  Supply  Current  from  Vcc  (Icc) 

Icc  is  measured  with  all  DUT  address  inputs  at  logic  l's. 

+15VDC  is  forced  to  pin  1  and  Icc  is  measured.  (K5  is 
energized) 

2.  power  Supply  Current  from  Vee  (Iee) 

Igg  is  measured  with  all  DUT  address  inputs  at  logic  l'«i. 

-15  VDC  is  forced  to  pin  6  and  Igg  is  measured.  (K5  is 
energized) 

3.  Logic  "1"  Input  Current,  ILH  (CMOS) 

Logic  "1"  input  current  is  measured  by  forcing -+15  VDC  on  I/O 
pins  24,  25,  26,  27,  28,  29,  30,  31,  32,  33,  34,  and  35,  one 
at  a  time  and  measuring  ILH.  (k6  energized) 
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4.  Logic  "0"  Input  Current,  ILL  (CMOS) 

Logic  "0"  input  current  is  measured  by  forcing  0  VDC  on  pins 
24,  25,  26,  27,  28,  29,  30,  31,  32,  33,  34,  and  35,  one  at  a 
time,  and  measuring  ILL"  (K6  energized) 

5.  Full  Scale  Output  Current,  I0pg  (TTL) 

Full  scale  out  current  is  measured  by  setting  the  DOT  address 
inputs  to  all  l's,  forcing  the  output  pin .22  to  0  VDC,  and 
measuring  the  current  flow,  I0pg.  V cc  -  +  5  V  (No  relays 

energized) 

6.  Zero  Scale  Output  Current,  log.  (TTL) 

Zero  scale  output  current  is  measured  by  setting  the  DOT  add¬ 
ress  inputs  to  all  0's,  forcing  the  output  pin  22  to  0  VDC, 
and  measuring  the  current  flow,  I02»  'Vcc  =  +•  7  V  (No  relays 
energized) 

7.  Zero  Scale  Current,  I02  (CMOS) 

Same  as  6,  except  Vcc  =  +  15  V  and  (K6  energized) 

8.  Zero  Sole  Drift 

Test  is  performed  as  in  6  &  7  and  the- value  of  IoZ  noted  for 
each  temperature  at  which  test  is  performed.  For  temperature 
ranges  tested  withjn  the  operating  temperature  range  of  -55 
to  +125°C  the  drift  shall  not  exceed  the  limit  specified  in 
Table  1. 


9.  Bipolar  offset  Current,  Igpp. 


The  reference  voltage,  +  10  V,  is  applied  at  pin  19  and 
appears  across  the  bipolar  offset  resistor  (R2)  and  a  50*0/ 

series  resistor  with  K3  and,  K  4  deenergized.  Igjp  *  — S _ 

where  Vr  is  the  measured  voltage  drop  across  the o0&/  resistor. 

10.  Gain  Error  (GE)  in  TTL  mode 


Unipolar  gain  error  is  measured  with  the  test  circuit  config¬ 
ured  as  in  Fig.  2  (Kl,  K2  and  K5  energized) 
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Simplified  schematic. 


(a)  Set  DUT  and  REF  DAC  address  inputs  to  all  zeros  (output 
off)  and  measure  E0(o).  This  voltage  included  REF  DAC 
offset,  OP05  offset,  and  DUT  Unipolar  Offset. 

(b)  Set  DUT  and  REF  DAC  address  inputs  to  all  ones  (outputs 
on)  and  measure  E0  (FS) . 


E0  =  E0(FS)  —  E0(o) 


Let 


1 


1 


+ 


1 
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The  equation  for  output  voltage  can  then  be  written: 

E°  =  ^  +  Vr0S  +  +  I<J^  - 

VroS  G1  “  IoZ  RF  1  ( — R£ - ^  Vxo 

=  _Io(n)  %  +  Gl  Vref  vn)  +  FIXED  OFFSET  1 

C  6-2J 


for  any  address  .  Amplified  noise,  offset  current, 
offset  drift,  and  Zi  are  neglected. 
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where 


IoZ  =  DUT  leakage  current  (all  bits  off) 

Vr03  =  REF  DA-C  °^fset  voltage 

and  Vx0  =  external  op  amplifier  input  offset  voltage  (OP-05). 
Combining  offset  and  leakage  terms: 


e0(°)  -  -  ioz  Rf  -  vR0S  ^6"3^ 

Substituting  in  eg  6-2 

Eo  -  Vf  -  VREF  ^7  +  E°<°>  L6'4] 


Rp 

Since  the  exact  value  of  R^  is  not  known,  the  gain  must  be 
measured.  With  all  bits  off  on  the  DUT  and  the  REF  nJAC  measure 
E0(o).  Leaving  the  DUT  in  off  state,  address  REF  DAC  input  with 
0000  0000  1110  and  measure  E0  (14). 


(E„q4)  -  E0  (o)  ) 

$55>  (23  +  22  +  2l> 


Assuming  that  +  F?*.QQ  is  an  LSB  of  REF  DAC 
4096 

S3260  measurement  accuracy  for  Gl  ^  ±  0.47. 
then 


E0  -  E0  (FS)  -  E0(o)  =  -[(I0(FS)  -  I0(o))  RF  +  VREF(FS)  ^  ] 
FS  output  voltage  =  Iq(FS)  -  IQ(o)  Ri  = 

(referred  to  error  E  (FS)  _  e0(o) 
amp.  input)  s.  -2 - - - -VreF  (FS) 

=  VreF  (FS)  +  Ie  (FS)  Ri  [6"6~J 
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Eq  (FS)  -  E0(0) 


(spec,  is  given  in  mV) 


Device  Types  01  Max  error  amplifier  output  voltage  . 

If  RF  =  .5M  and  RF  =  5  K  ±  257.  (Init.  Tol.) 

E0  (max)  =  Gl  (max)  x  Unipolar  gain  error  (max) 

=  -  — -  —  -  ±  25  x  10" 3  =  ±  3.333  V  for  max.  unipolar 


(3.75K) 


gain  error  and  max.  gain. 


Error  amplifier  is  not  going  to  saturate. 
Device  Types  02 

If  Rf  -  500K  and  Ri  =  25K  ±  257.  (Init.  Tol.) 
E0  (max)  =■  Gl  (max)  Unipolar  gain  error  (max) 


=  -  F  8.333  V  for  max  unipolar  gain  error  and  max  gain. 
Error  amplifier  is  not  going  to  saturate  . 

Machine  error  contribution  to  the  latter  measurements  is  less  than 
27.  of  the  unipolar  gain  error  (negligible). 

11.  Gain  Error  (Gg,  )  in  CMOS  mode 

This  measurement  is  performed  similar  to  (10),  but  with  Vcc  = 

+  15  VDC,  =  +  10.4  ,  and  K6  energized. 

12.  Gain  Error  Drift  (gg^f 

The  unipolar  gain  error  drift  is  derived  by  measuring  unipolar  gain 
at  the  -55°C,  +  25°C,  and  +125°C  and  calculating  the  average  temp¬ 
erature  coefficient  for  each  excursion  from  +25°C  separately. 
Namely,  the  temperature  coefficient  from  +  25°C  to  -55°C  and  the 
temperature  coefficient  from  +  25°C  to  +  125°C.  The  largest  of  the 
two  measured  values  is  displayed.  Step  10  or  11  describes  the 
method  used  for  measuring  unipolar  gain  for  TTL  or  CMOS  interfaces 
respectively. 
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BPOE  test  circuit. 


BPOE,  as  specified  in  Table  I  is  the  DOT 
will  all  bits  off,  +  10  V  ±  .01%  applied 
bipolar  offset  resistor  (DOT  pin  7),  and 
to  the  20  V  span  resistor  (DOT  pin  11)  w 
energized.  BPOE  includes  the  effects  of 
current. 


output  offset  voltage 
through  50  SI  to  the 
-  10  V  ±  .01%  applied 
th  relays  K2  and  k3 
unipolar  zero  offset 


Prior  to  proceeding  with  this  test  the  following  conditions 
must  be  met  or  adjustments  made  to  bring  the  voltages  into 
tolerance 


VREF  =  +  10.000  V  ±  .01% 


-  -  10.000  V  ±  .01% 

E0  =  0  ±  5  mV  with  all  relays  deenergized,  if  not,  trim 
offset  adjust  pot.  For  Eo  =  0  ±  5  mV.. 

(a)  Set  all  DUT  address  inputs  to  "0”s  and  all  Ref  DAC  add¬ 
ress  inputs  to  "l"s.  Energize  K7 ,  K2,  k3,  and  K4 

in  that  order  (K6  also  if  in  CMOS  mode)  and  measure 
(adapter  pin  21). 

(b)  Set  Ref  DAC  address  inputs  to  1111  1111  0001  and  measure 
V y  (adapter  pin  21) 


G  2  ~  1 


(v7  -  v6) 

,10 

14 


{§-10  j 


(c)  De-energize  k4  and  energize  k7  and  measure  V8  (adapter 
pin  21). 

Vft 

BPOE  =  -a 
G2 

14.  BPOE  Drift 


Repeat  13  for  temperatures  within  the  range  of  -55  to  +  125° C 
and  calculate  measured  values  shall  be  equal  to  or  less 

than  the  values  1  specified  in  Table  I. 

15.  Power  Supply  Sensitvity  Full  Scale  Due  to  Vcc  (ITL) . 

With  the  DUT  in  the  unipolar  mode,  Kl,  K2,  and  K5  energized, 
Vcc  =  +  5.0  V,  and  Vgg  =  -  15  VDC  power  supply  sensitivity  is 
tested. 


(a)  Set  all  DUT  address  inputs  to  logic  "l"s  and  all  Ref  DAC 
address  inputs  to  logic  "0"s  (outputs  on). 


=  Vj^p  DAC  (FS)  -  I0(FS)Ri  neglecting  offsets 
or  I0  (FS)  Rj.  -  Vref  dac  (FS)  =  E0  (j||  =  £6-11 J 
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16. 


(Ri\ 

Ideally  E0  =  0  and  V^p  DAC  (FS)  =  +  9.9976  =  VDljr  (FS) 

Varying  the  positive  supply  voltage,  Vcc,  by  ±  107.  will 
cause  E0  to  vary  by  some  4E0. 


+  PSSl1 


change  in  DUT  output 
for  ±  107.  change  in 
Vcc  with  all  bits  on 


where  in 
Table  III 


Ae0  =  V10  -  v9 


|V10  ■  V9 

or 

vio  -  V1 

l  G 

G 

r  1 

[ 6-12  J 

The  resulting  values  shall  not  exceed  the  limits  speci¬ 
fied  in  Table  I. 


(b)  Set  all  DUI  address  inputs  to  logic  "0"s  and  all  REF  DAC 
address  inputs  to  logic  "l"s  (outputs  off). 

Varying  the  positive  supply  voltage,  Vcc,  by  ±  107.  will 
cause  E0  to  change  by  some  amount,  AE0. 


+  PSSl  = 


change  in  DUT  output  1 
for  107.  change  in  Vcc  j 
^with  all  bits  off.  j 


&Eo  _  v13  ~  v12 

G  G 


V13  -  g14 

16-13  1 

G 

J 

The  largest  resulting  value  shall  not  exceed  the  limits 
specified  in  Table  I. 

The  largest  of  the  two  errors  (+  PSSl'  or  +  PSSl")  will 
be  printed  out  and  the  conditions  along  with  it.  (Vcc 
&  address) 

Power  Supply  Sensitivity  at  Full  Scale  Due  to  Vcc  (CMOS) 

With  the  DUT  in  the  Unipolar  Mode,  Kl,  K2,  K5,  and  k6  ener¬ 
gized,  Vcc  =  +  15  V  and  VEE  =  -  15  VDC  power  supply  sensi¬ 
tivity  is  tested.  Procedure  is  same  as  in  15,  but  with  Vcc 
varied  ±  107.. 


VI- 21 


17.  Power  Supply  Sensitivity  at  Full  Scale  Due  to  V£E  (CMOS) 

With  the  DUT  in  the  Unipolar  Mode,  Kl,  K2,  k5,  and  k6,  ener¬ 
gized,  Vcc  =  +  15  V,  and  VEE  =  -  15  VDC  power  supply  sensi¬ 
tivity  is  tested,  procedure  is  same  as  15,  but  with  VEE 
varied  ±  107.. 

18.  Linearity 

Some  manufacturers  use  bit  weight  errors  to  determine  the 
maximum  positive  and  negative  linearity  errors  with  respect 
to  a  straight  line  between  zero  and  full  scale  outputs.  This 
method  is  valid  for  testing  linearity  if  there  is  no  appre¬ 
ciable  bit  interaction,  thermal  or  other.  Excessive  bit 
interaction  is  apt  to  result  in  bit  weight  errors  that  are 
all  in  one  direction.  The  maximum  error  would  then  seemingly 
occur  at  DUT  input  address  of  all  ones.  However,  the  DUT 
errors  are  calibrated  to  zero  at  full  scale  so  the  technique 
is  not  valid. 

At  this  point  in  the  test  program  development  it  appears  that 
a  vendor  whose  devices  exhibit  appreciable  bit  interaction 
would  be  required  to  test  all  4095  outputs.  The  answer  to 
this  question  and  others  will  be  a  result  of  the  character¬ 
ization  study. 

As  a  part  of  this  characterization  the  bit  weight  errors  and 
corresponding  linearity  will  be  measured  repetitively  starting 
from  initial  turn  on  to  acquire  some  data  on  the  effects  of 
thermal  interaction  on  linearity  measurement  accuracy. 

Linearity  will  also  be  measured  for  all  4095  codes  after 
suitable  warm  up.  A  number  of  measurements  will  be  made  to 
check  for  repeatability. 

1)  Abbreviated  Linearity  Test  Using  Bit  Weight  Errors 

Measure  E0  and  store  for  each  of  the  following  digital 
address  inputs  with  same  address  applied  to  DUT  and 
Reference  Module; 
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1111 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  1 
0  0  0  1 
0  0  10 
0  0  11 
0  10  0 
0  111 
10  0  0 


1111 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  0 
0  0  0  1 
0  0  0  1 
0  0  10 
0  0  11 
0  10  0 
0  111 
10  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 


1111 
0  0  0  0 
0  0  0  1 
0  0  10 
0  0  11 
0  10  0 
0  111 
10  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 
1111 
0  0  0  0 


Establish  a  straight  line  with  zero  and  full  scale  mea¬ 
sured  values.  Calculate  bit  weight  errors  and  derive 
addresses  for  both  maximum  positive  bit  weight  error  and 
maximum  negative  bit  weight  error. 


All  measured  outputs  for  the  above  listed  input  addresses 
shall  be  linear  to  within  ±  1/2  LSB. 

Apply  the  address  for  maximum  positive  bit  errors  and 
output  shall  be  linear  to  within  1/2  LSB. 


Apply  the  address  for  maximum  negative  bit  errors  and 
output  shall  be  linear  to  within  1/2  LSB. 


Subtract  Pos.  BWE  from  Neg.  BWE  store  and  record.  Major 
Carry  Errors  (MCE)  shall  be  less  than  ±0.9  LSB  (-55  to 
+  125° C) . 
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6.4.2  Monotonicity 

One  of  the  most  important  parameters  of  a  D/A  converter,  if  not  the 
most  important,  is  monotonicity.  A  D/A  converter  is  monotonic  if, for 
an  increasing  address  (eg  0  -  4095),  the  output  voltage/current  con¬ 
tinuously  increases  (or  decreases  if  logic  is  complementary)  and  if,  for 
a  decreasing  address  eg  (4095  -  0)j the  output  voltage/current  contin¬ 
uously  decreases  (or  increases  if  logic  is  complementary). 

The  manufacturers  recommending  the  abbreviated  test  method  measure 
differential  nonlinearity  and  claim  that  monotonicity  is  asguregg^f 

the  differential  nonlinearity  is  JL.  ±  1  LSB.  eg  D.N.L.  A  - - JS 

LSBjj 

where  LSB^  is  normalized  LSB. 

and  6E  is  the  value  E0(n)  -  E0(n-1) 

and  0  —  n  A  4095. 

Part  of  the  characterization  task  will  be  to  examine  the  validity  of 
testing  monotonicity  via  maj<?r  carries. 

Monotonicity  will  be  tested  by  the  following  sequence: 


(a)  Set.  Ref.  module  and  DOT  addresses  to  all  0's  and  measure  the 
error  amplifier  output  voltage,  Eo(0)* 

(b)  Increment  DOT  address  by  one  count  and  measure  the  error  ampli¬ 
fier  output  voltage,  E0(Q)  .  Eo(0)  -  Eo(0)  must  be  greater 

than  0  V. 

•  «  •  *  •  •  •*  «•  *  •  •  •  4  •  •  *  •  •  ■  •  • 


(c)  Increment  Ref.  Module  address  by  one  count  and  measure  E0(i). 
Then  increment  DOT  address  by  one  count  and  measure 
Eo(i)1.  Eo(l)  "  Eo  (1) 1  must  be  greater  than  0  V. 


(d) 


Repeat  for  all  4095  addresses.  If  for  all  addresses 
E0(n)  -  Eo^)1-5*"  °*  The  D^A  converter  (DOT)  is  monotonic. 


NOTE:  Linearity  can  also  be  measured  at  the  same  time  without  util¬ 
izing  much  memory. 


Linearity  -  (All  addresses) 

Linearity  can  be  measured  along  with  monotonicity  by  first  measuring 
the  zero  and  full  scale  error  voltages  E0(Q)  and  Eo(4095),  to  estab¬ 
lish  a  straight  line  and  then  measuring  error  voltages  for  all  add¬ 
resses  in  between  relative  to  the  straight  line.  Only  max  positive 
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and  max  negative  deviations  and  respective  addresses  need  be  stored. 
However,  for  the  purposes  of  characterization,  the  bit  weight  errors 
will  be  stored  for  comparison  to  BWEs  measured  in  the  abbreviated 
linearity  test.  After  measuring  linearity  of  all  codes,  repeat 
Eo(4095)  and  Eo(0).  eo(4095)  “  Eo(0)  differs  from  the  earlier 

measured  values  by  £  .05  LSB,  repeat  the  sequence.  If  the  latter 
condition  is  not  met  after  two  passes,  stop  the  test,  and  indicate 
that  DUT  outputs  are  not  stabilizing. 
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Linearity  Equations 

Vref  (m)  =  Ref.  D/A  output  voltage  at  address  "M". 

E0  (m)  =  Amplified  difference  voltage.  Difference  between 

Ref  D/A  and  DUT  output  which  includes  offset  voltage. 


E0  (0)  -  Amplified  offset  voltage  which  includes  contributions 

from  Ref  d/A,  DUT,  and  difference  amplifier. 

V0I  (m)  =  DUT  output  voltage  on  ideal  straight  line  between 

zero  and  full  scale  for  address  "M".  (referred  to 
error  amp.  input) 

V0M  (m)  "  Measured  DUT  output  voltage  for  address  "M".  (referred 

to  error  amp.  input) 


and  VG  (DUT)  =  IQ  (DUT)  R^  (referred  to  error  amp.  input) 


E0  (m) 
VPEF 


IQ  (m)  R1  +  VREF  (m)  d 
,VREF  <FS>  “  VREF 

( - - - : - - - )  n  +  Vggp  (o) 

4095 


(Vref  <n>  +  lo  (")  Rl)  Gl  =  E0  (n) 

—  -  VREF  (n> 
ro* 

.)  n  +  Vom  (o) 


V0M  (<”)1  *  lo  <">  R1  ■ 

fil 

V01  (n) 


(>  (FS>  -  VOM  <°> 


4Q95 


Linearity  =  V0M  (n)  -  V0I  (m) 

Error 

where  n  is  any  address  from  0  -  4095  and  FS  is  4095 


i 
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6.5  Evaluation  of  Data 


f 


6.5.1  Dynamic  Test  Data 

Settling  time  data  was  measured  on  13  devices  (Device  Type  01)  and 
the  resulting  data  is  listed  in  Table  6.2.  Photographs  were  also 
taken  and  a  typical  set  for  a  given  device  are  shown  in  Figure  6.7. 
Settling  time  ranged  from  400  to  600  nsec.  The  six  devices  supplied 
by  Vendor  "13"  to  GEOS  with  data  (S/N,  4310  -  4315)  exhibited 
settling  times  that  were  significantly  less  than  the  other  devices 
tested,  approximately  400  nsec  settling  time  compared  to  600  nsecs 
for  the  others.  For  all  devices  the  "on  to  off"  settling  times  were 
appreciably  less  than  the  "off  to  on"  settling  times,  as  much  as  457. 
less  for  the  slower  devices  and  307.  less  for  the  faster  ones. 

In  the  expanded  photos  shown  in  Fig.  6.7  there  is  some  high  frequency 
ac  (damped)  riding  on  the  envelope  of  the  signal.  This  ac  is  almost 
certainly  a  contribution  from  the  test  circuit,  probably  due  to  layout 
and  wiring.  The  test  circuit  and  the  oscilloscope  (plus  preamplifier) 
employed  appears  to  be  adequate  for  testing  device  types  01.  A 
sampling  type  preamplifier  might  be  required  to  test  device  type  02s 
because  of  the  lower  settling  times. 

6.5.2  Static  Test  Data 
Power  Supply  Currents 

The  supply  current  limits  for  the  562  appear  to  be  adequate.  ICc 
seems  to  run  towards  the  high  side  of  the  limits  but  it  doesn't  seem 
to  change  much  from  device  to  device. 

Logic  Input  Currents 

Devices  tested  seem  to  fall  well  within  the  limits  specified.  IIH 
seems  to  increase  randomly  from  one  device  to  another  at  -55° C  and 
occasionally  over-ranges.  This  problem  is  almost  certainly  due  to 
some  slight  condensation  on  the  bottom  of  the  DUT  connector.  Currents 
measured  are  low  nano-amperes  and  should  decrease  at  -55° C.  Repeat 
tests  on  a  sampling  of  devices  has  shown  that  it  is  not  a  device 
prob  lem. 

Logic  "0"  input  currents  (1^)  all  measured  well  below  the  specified 
limits.  Measured  values  were  in  the  low  nano-amperes  range  while 
specified  limits  are  +  1  to  -  200  uA. 

Full  Scale  Current 

Devices  tested  seemed  to  fall  well  within  the  limits  specified. 

Limits  specified  are  adquate. 
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Zero  Scale  Current 


All  devices  passed  these  tests  comfortably.  Limits  are  reasonable. 
Zero  Current  Drift 


All  devices  passed  these  tests  by  good  margins.  Adequately  specified 
limits. 

Bipolar  offset  Current 

All  devices  passed  this  test  with  wide  margins.  This  test  is  largely 
a  measure  of  the  bipolar  offset  resistor.  If  full  scale  output  cur¬ 
rent  is  below  nominal  this  resistor  value  will  measure  above  nominal 
by  almost  the  same  amount.  Although  not  tested  directly  the  span 
resistor  values  will  track  the  bipolar  offset  resistor  values.  It  is 
because  of  this  relationship  between  the  resistance  values  and  the 
F.S.  output  current  value  that  the  gain  error  is  so  low  in  spite  of  a 
±  257.  tolerance  on  full  scale  output  current. 

Gain  Error 


All  devices  pass  these  tests  with  comfortable  margins.  Limits  are 
adequate. 

Gain  Error  Drift 


Four  devices  failed  this  test  over  the  range  +  25  to  -  55° C  and  six 
others  came  quite  close  to  the  limit.  A  couple  of  devices  that 
failed  measured  slightly  more  than  twice  the  limit  specified.  It 
should  be  noted  that  the  maximum  average  temperature  coefficient  tab¬ 
ulated  is  not  the  average  over  the  full  temperature  range  but  the 
worst '  case  *of -the  two- averages 'Wer  Che*  temperature  ranges*  of  +  25  to* 
+  125°  C  and  +  25  to  -  55° C.  Averaging  over  the  full  operating  temp¬ 
erature  range  would  probably  make  the  devices  look  better  and  some 
might  even  pass. 

Bipolar  Offset  Error 

All  devices  passed  this  test  and  it  appears  that  this  parameter  is 
conservatively  specified.  It  should  be  noted  that  the  manufacturer 
sets  the  bipolar  offset  resistance  50  ohms  low  to  allow  for  the 
insertion  of  a  100  potentiometer  in  series  with  the  resistor  to 
adjust  bipolar  offset  error  to  zero  if  so  desired.  A  50iH/  resistor 
was  inserted  in  series  with  the  bipolar  offset  resistor  for  this  test 
to  achieve  nominal  value. 
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Bipolar  Offset  Drift 

All  devices  passed  this  test,  most  by  a -comfortable  margin,  but  from 
+  25°C  to  -  55°C»  A  couple  of  devices  came  to  within  approximately 
50%  of  the  specified  limit. 

Power  Supply  Sensitivity 

Power  supply  sensitivity  was  tested  for  CMOS  and  TTL  operation  with 
all  bits  on  and  with  all  bits  off.  CMOS  power  supply  sensitivities 
were  tested  at  Vcc  =  +  5  V  and  Vcc  =  +  15  V.  Measured  values  of 
output  voltage  variation  were  in  no  case  greater  than  ±  100  uV  with 
±  107.  supply  voltage  variations.  This  parameter  appears  to  be  ultra 
conservatively  specified,  especially  for  Vgg.  It  would  appear  that 
a  ±  500  uV  limit  for  all  supplies  would  suffice  over  the  full  oper- 
at ing  temperature  range . 

Bit  Weight  Errors 

All  devices  tested  passed  the  Bit  Weight  Errors  (BWE)  tests.  BWEs 
were  generally  quite  low  at  +  25° C.  At  +  125°C  BWE  degraded  slightly 
but  the  most  significant  changes  occurred  at  -55° C.  It  appears  that 
the  manufacturers  do  their  screening  at  +  25°C  and  select  devices 
with  low  bit  errors  to  allow  a  safe  margin  for  variation  at  -55°C. 
Figures  6.8  -  6.10  and  Figures  6.14  -  6.16  illustrate  this  feature. 

It  is  interesting  to  note  that  there  seems  to  be  a  recurring  pattern 
to  the  Bit  Weight  Errors  and  Major  Carry  Errors,  as  shown  in  Figures 
6.8  -  6.13.  The  current  switches  in  this  device  are  identical  quads 
with  scaling  resistors  at  the  outputs  of  the  two  lower  order  quads. 
The  recurring  pattern  seems  to  reflect  scaling  resistor  errors  and 
drifts. 


The  Bit  Weight  Errors  measured  in  the  "Abbreviated  Linearity  Test" 
correlated  quite  well  with  the  Bit  Weight  Errors  extracted  during  the 
extended  linearity  test.  Some  of  the  differences  noted,  however 
small,  were  probably  related  to  temperature  stabilization  time, 
especially  at  -  55° C.  Bit  Weight  Errors  and  Major  Carry  Errors  for 
both  the  abbreviated  and  extended  linearity  tests  are  displayed  side 
by  side  for  comparison. 

Summation  Bit  Weight  Errors 

The  accuracy  of  the  summation  of  (+)  Bit  Weight  Errors  and  the 
summation  of  (-)  Bit  Weight  Errors  in  defining  the  worst  case  posi¬ 
tive  and  negative  linearity  errors  respectively  is  dependent  upon 
how  much  interactive  error  is  present  in  the  device.  The  devices 
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tested  exhibited  very  little  interactive  error,  as  demonstrated  by 
the  low  values  of  £  (+)  NL  +  (-)  NL.  Typically  the  values  were 

±  .05  LSB.  Confirmation  of  the  low  interactive  errors  was  achieved 
by  the  close  correlation  of  the  Extended  Linearity  Test  data  with  the 
Abbreviated  Linearity  Test  data.  In  the  extended  test  all  codes  were 
tested  and  the  addresses  of  the  maximum  positive  and  maximum  negative 
linearity  errors  were  recorded.  Although  the  addresses  of  the  maximum 
positive  error  and  the  maximum  negative  error  were  not  always  exact 
complements,  the  £  (+)  NL  +  ^  (-)  NL  were  always  within  0.1  LSB. 

The  smaller  the  bit  errors  the  more  unpredictable  the  addresses  will 
be.  Better  correlation  would  be  achieved  if  all  bits  with  measured 
bit  weight  errors  of  ±  .05  LSB  were  weighted  as  logic  "0"s. 

Figures  6.8  -  6.10  illustrate  Bit  Weight  errors  for  abbreviated  and 
the  extended  tests  and  the  addresses  of  the  worst  case  positive  and 
negative  linearity  errors  for  each  test  are  tabulated  below  the  graph. 
Extended  Linearity  test  data  is  not  listed  in  Table  III.  It  only 
shows  up  in  the  data  plots  for  comparison  purposes. 

Major  carry  Errors 

Major  Carry  Errors  were  generally  well  within  the  specified  limits  of 
±0.9  LSB  in  the  abbreviated  test.  Although  monotonicity  is  tested 
accurately  for  all  codes  in  the  extended  tests,  major  carry  errors 
were  extracted  from  the  extended  test  data  for  comparison  to  the 
abbreviated  test  data.  Comparisons  were  good  as  shown  in  typical 
device  MCE  graphs  in  Figures  6.11  -  6.13. 
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6.6  Conclusions  and  Recommendations 

The  characterization  of  the  562  was  successful  in  accomplishing  all  of 
its  primary  objectives.  Although  only  one  Device  Type  (01)  made  by  only 
one  vendor  was  characterized,  its  performance  over  the  full  military 
operating  temperature  range  was  evaluated  and  it  performed  well.  Twelve 
devices  doesn't  constitute  a  large  sample  but  it's  enough  to  indicate 
potentially  sensitive  parameters.  The  only  parameter  that  appeared  to 
be  marginal  was  gain  error  drift  with  temperature.  5  ppw/°C  is  not 
large  enough.  The  limits  should  be  increased  to  10  ppw/°C  at  the  least. 
Generally,  parameter  tolerances  tended  to  be  conservative.  Logic  "0" 
Input  Current  appears  to  be  much  too  loosely  specified.  None  of  the 
values  measured  were  in  excess  of  ±  20  nA,  yet  the  specified  limits  are 
+  1  — ►  -  200  mA.  It  is  recommended  that  the  limits  be  reduced  to 
+  1  — ►  -  200  nA.  Another  parameter  that  appeared  to  be  much  too  con¬ 
servatively  specified  was  Power  Supply  Sensitivity.  Generally,  the  out¬ 
put  variations  in  response  to  ±  10%  power  supply  variations  were  less 
than  ±  100  mV  and  in  no  case  did  they  exceed  ±  200  uV  over  the  full 
operating  temperature  range.  Also,  the  sensitivity  to  the  negative 
power  supply  was  no  worse  than  to  the  positive.  It  is  recommended,  there¬ 
fore,  that  one  limit  be  applied  to  both  the  positive  and  negative  power 
supplies  over  the  full  temperature  range,  ±  800  uV.  Linearity  was  good 
and  superposition  (interactive)  errors  were  extremely  low,  <,±  .05  LSB. 
The  device  tested  is  an  excellent  candidate  for  performing  "Abbreviated 
Linearity  Testing"  since  the  device  is  linear  and'  superposition  applies. 

A  device  that  is  not  linear  and  exhibits  interactive  errors  that  should 
be  compelled  to  perform  "All  Codes  Linearity  Testing,"  unfortunately 
devices  of  this  nature  were  not  available  for  characterization.  Never¬ 
theless,  anticipating  that  such  devices  will  eventually  be  tested,  the 
following  recommendations  are  offered; 

1.  Devices  that  exhibit  low  interactive  errors  (21  4*  NL  +  SI—  NL  •JE  0.1 
LSB)  be  permitted  to  perform  "Abbreviated  Linearity  Tests"  while 
those  that  do  not  must  perform  all  codes  testing. 

2.  The  device  slash  sheets  be  modified  to  include  at  least  one  and 
possibly  two  more  interactive  error  tests  at  half  scale  and  three 
quarters  full  scale,  e.g. 

0111  1111  1111  +  1000  0000  0000  0.1  LSB  and 

0100  0000  0000  +  1011  1111  1111  0.1  LSB 

Without  the  inclusion  of  one  or  both  of  the  latter  tests  a  device 
with  interactive  errors  in  excess  of  ±  0.1  LSB  but  whose  bit  weight 
errors  each  are  0.5  LSB  could  pass  the  "Abbreviated  Linearity 
Test".  If  all  bit  errors  are  negative  the  address  of  ■£.  -  NL  would 
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be  all  Is  and  the  address  of  ^  +  NL  would  be  all  0's.  Both  of  the 
latter  addresses  are  calibration  points  on  the  ideal  linearity  curve 
so  2  +  NL  +  w-NL  =  0. 

Some  vendors  have  suggested  walking  a  zero  through  the  test  pattern 
but  that  is  not  as  effective  as  the  proposed  two  tests.  Addition 
of  the  walking  zero  codes,  if  implemented,  should  be  in  addition  to 
the  proposed  test  addition. 

Another  recommendation  pertaining  to  guaranteed  monotonicity  is  to 
apply  a  ±  0.9  LSB  limit  to  Major  Carry  Errors  in  the  "Abbreviated 
Linearity  Test"  to  allow  for  measurement  error  and  interactive 
errors,  however  slight,  that  could  make  a  marginally  non-monotonic 
device  appear  to  be  monotonic  or  vice  versa.  Failure  to  meet  this 
requirement  would  not  necessarily  constitute  a  device  failure.  If 
MCE  is  in  the  range  of  0.9  LSB  £  MCE  £.1.1  LSB  the  device  must  be 
subjected  to  "All  Codes  Linearity  Test"  in  which  monotonicity  is 
more  accurately  tested  for  all  codes.  Inability  to  pass  this  test 
would  constitute  a  failure. 

Settling  time  measurements  appeared  to  be  valid  but  without  the 
manufacturer's  test  data  the  results  could  not  be  correlated.  Results 
appear  to  be  significantly  better  than  manufacturers  indicated  they 
would  be. 

Another  objective  of  the  562  characterization  effort  was  the  develop¬ 
ment  of  automatic  test  capability  for  testing  the  device  on  a 
Tektronix  S3260.  This  was  made  possible  by  the  use  of  a  Reference 
Module  which  contains  an  18  Bit  Reference  DAC,  buffers,  and  active 
ground  drivers.  A  Fluke  8500A  (5  1/2  Digit  DVM)  was  employed  via 
IEEE  bus  simply  to  calibrate  the  test  setup  at  the  start  of  testing. 
Once  calibration  is  done  it  is  not  repeated  for  subsequent  DUT 
testing.  -The  aceuracy  ef -the  tester- is  excellent  and*sd  was  cor¬ 
relation  with  manufacturer's  25°C  test  data  on  devices  S/Ns  4310  - 
4315.  Correlation  was  within  ±  .05  LSB. 


VI- 3  2 


Table  6.1  Electrical  Performance  Characteristics 


Characteristics 

! 

Symbol 

Conditions: 

Device 

01  ' 

limits 

02 

limits 

Min 

Max 

Kin 

Max 

Units 

Supply  Current 
from  Vcc 

Icc 

All  input  bits  logic  "1" 

3 

18 

3 

18 

mA 

Supply  Current 
from  Vee 

lee 

All  input  bits  logic  "l" 

-25 

-5 

-40 

-5 

mA 

Logic  "1"  Input 
Current 

IlH 

Vin  (Logic  "1")  -  +  15  V,  Each 
input  measured  separately 

-  1 

+100 

-  1 

+100 

Logic  "0"  Input 
Current 

HL 

Vin  (Logic  "0")  -  0  V,  Each 
input  measured  separately 

-200 

Tl 

-200 

-tl 

OA 

Full  Scale 
Current 

rFS 

All  inputs  logic  ”1"  1* 

Vo  -  0  V 

-2.5 

-1.5 

-6 

-4 

mA 

Zero  Scale 
Current  (TTL) 

izsi 

All  inputs  logic  "0" 

Vo  *  0  V,  Vcc  -  +  5  V,  TA  *  +25  C 

-.05 

+.05 

-.05 

+.05 

’/.  '.-S 

Curt  ;nt 

Zero  Scale 
Current  (CMOS) 

IZS2 

All  Inputs  logic  "0" 

V0  *  0  V,  Vcc  -  +15  V,  Ta  *  +25*0 

-.05 

+.05 

-.05 

+.05 

7.  FS 
Current 

Zero  Scale 

Drift 

A  Izs/ 

/AT 

All  Inputs  logic  "0" 

Vcc  -  +  15  V 

-2 

+2 

-2 

-t-2 

PPM  / 
IPVc" 

Bipolar  Offset 
Current 

Sip 

0.75 

1.25, 

j 

.2_j_.  3i 

mA 

Gain  Error 
(TTL) 

V 

FSIl 

All  Inputs  logic  "1" 

VFSI  -  vo  *  9.99756 

Vcc  =  +  5  V.  tA  *  +  25°C 

-25 

+25 

i 

! 

-25  !  +25 

■ 

mV 

Gain  Error 
(CMOS) 

[All  inputs  logic  "l” 

VFSI2  VfsI  -  V0  .  9.99756 

Vcc  -  +  15  V  TA  -  +  25-C 

-25 

+25 

j 

-25  j  -r.5 

IBv 

Cain  Error 

Drift 

a»vFSl/  All  inputs  logic  "l" 

/AT  Vcc  “ 

-5 

+5 

! 

-5  +5 

PPM  / 
VFS/C* 

Bipolar 

Offset  Error 

Bit  1  •  logic  "1" 

BPOE  Bits  2  -  12  “  logic  "0"  , 

Measure  *o  •  0  (  Ta  -  +  25*C  !  -20 

+20 

-20  1  +20 

tnV 

Bipolar 

Offset  Error 
Drift 

All  Inputs  logic  "0" 

A.  BPOE  ! 

iNeasure  ZS^o 

-4 

+4 

j 

_ di-A _ z* 

PPM  / 
VFS/C’ 

Power  Supply 
Sensitivity 

At  Full  Scale 
From  Vcc 
(TTL) 

+PSS 1 

i Vcc  -  +  5  V  t  0.5  V  L? 

1 

.  .  .  ...  „?A  “  +.25*C.  -  J 

-800 

■  +808 

-800 

1 

+800 

nv 

Ta  -  -  55  to  +  125*C 

-1.6 

+1.6 

-1.6 

i  +1.6 

mV 

Power  Supply 
Sensitivity 

At  Full  Scale 
From  Vcc 
(CMOS) 

+PSS2 

iVcc  ■  +  15  V  i  1.5  V  Vi 

1 

TA  •  +  25*C 

-800 

+800 

-800 

I 

1  +800 

uV 

j 

1  TA  -  -  55  to  +  125*C 

-1.6 

+1.6 

*1.6 

L 

mV 

VI 
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Table  6.1  Electrical  Performance  Characteristics 


Characteristics 

Symbol 

Conditions:  See  Note  3 

[  Device 

01 

Limits 

02 

limits 

Min 

Max 

Min 

Max 

Units 

Power  Supply 
Sensitivity 

At  Full  Scale 
From  Vee 

i 

!  -pssi 

VEE  “  *  15  v  ±  1.5  V  \JL 

All  inputs  logic  "1"  Ta  -  +  25  *C 

-1.6 

i  +1.6 

-1.6 

+1.6 

mV 

TA  -  -  55  to  +  125*C 

!  -3.2 

+3.2 

-3.2 

+3.2 

mV 

Bit  Errors 

B1  -  B12 

1  Turn  on  i  bit  at  a  time  and  measure  L2* ! 

Vo  relative  to  REP.  DAC  output. 

TA  -  -  55  to  +  125°C  -1.22 

+1.22 

I  -1.22 

+1.22 

mV 

Sunmatlon  of  ■ 
Positive  Bit 
Weight  Errors 

£(+)  BWE 

Turn  on  all  bits  with  Positive  bit  13" 
errors  and  measure  V0  relative  to 
!  REF.  DAC  TA  -  -  55  to  +  125“C  -1.22 

+1.2^ 

-1.22 

+1.22 

mV 

Sunmatlon  of 
Negative  Bit 
Weight  Errors 

£(-)  BWE 

Turn  on  all  bits  with  Negative  bit  UJ- 
errors  and  measure  V0  relative  to 

REF.  DAC  TA  -  -  55  to  +  125*C  ! -1.22 

+1.22 

! 

-1.22 

+1.22 

mV 

Major  Carry 
Errors 

MCI  -  MC11 

4000  -  3777  (Octal)  to  2  -  1  \3r 

TA  -  -  55  to  +  12 5 “C 

-2.2 

+2.2 

! 

1  -2-2 

1 

+2.2 

mV 

Output  Current 
Settling  Tima 

0  to  FS 

‘sr.H 

All  inputs  switched  simultaneously. 
Time  to  settle  to  within  1/2  LSB  of 
final  value 

i 

0.4 

va  ec 

Output  Current 
Settling  Time 

FS  to  0 

eSHL 

All  Inputs  switched  simultaneously. 
Time  to  settle  to  within  1/2  LSB'of 
final  value 

•a* 

i 

0.4 

jjsec 

Bit 

Interaction 

(+)  BWE 
+  (-)  BWE 

-0.25 

+0.25, 

-0.25 

10.25 

mV 

Notee:  1.  The  compliance  voltage  range  variea  from  one  vendor  to  another.  Devicea 
with  a  finite  output  resistance  will  draw  additional  current  proportional 
to  compliance  voltage,  eg.  If  Ro  »  6  K  _fl_  and  compliance  voltage  equals 
+  1  V  the  output  current  will  increase  by  0.167  mA.  This  current  is  a 
fixed  offset  current.  This  device  is  not  a  multiplying  DAC. 

2.  This  test  is  performed  in  the  unipolar  mode  over  a  0  to  +  10  v  range.  Ona 
LSB  ia  2.44  mV. 


3.  The  operetlng  temperature  range  is  -  55  to  125*C  unless  otherwise  ststed 
Vcc  -  +  15  ±  .15  V 


(See  Note  4)  +/Jy 


Figure  6.6.  Reference  module  connected  to  the  S3260  test  adapter 
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TABLE  6.2.  Output  Settling  Time  Data 


Device  Type  01 


Serial  Number 
of  Device 

All  Bits  Off  to 

All  Bits  On 

All  Bits  On  i 
All  Bits  Off 

00005 

500  ns 

260  ns 

00019 

480  ns 

300  ns 

00020 

500  ns 

260  ns 

00021 

480  ns 

260  ns 

00025 

480  ns 

220  ns 

00035 

480  ns 

360  ns 

00048 

480  ns 

245  ns 

04310 

400  ns 

290  ns 

04311 

370  ns 

240  ns 

04312 

360  ns 

240  ns 

04313 

370  ns 

245  ns 

04314 

380  ns 

245  ns 

04315 


400  ns 


240  ns 


TABLE  6.3.  Device  Type  01  Data  at  +  25° C. 
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TAflLE  6.3.  Device  Type  01  Data  at  +  25 
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(EXTENDED  US  ABBREVIATED  TESTS) 


Figure  6.10.  Bit  Weight  Error  Display  (-  55° C) 


(EXTENDED  US  ABBREUIATED  TESTS) 
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Figure  6.11.  Major  Carry  Error  Display  (+  25°C). 


(EXTENDED  US  ABBREVIATED  TESTS) 
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Figure  6.13.  Major  Carry  Error  Display  (-  55° C). 
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CHARACTERIZATION  OF  PRECISION  VOLTAGE  REFERENCES 
MIL-M-38510/124 


7.1  Introduction  and  Background 

As  precision  and  accuracy  of  control  systems  increase,  the  need  for  a 
stable,  precise  voltage  reference  becomes  apparent. 

Precision  voltage  references  are  used  in  ratiometeric  measurement  systei 
as  a  reference  against  which  all  signal  voltages  can  be  compared,  and 
especially  for  high  accuracy  data  converters. 

The  two  precision  voltage  references  characterized  for  this  slash  sheet 
are  the  LM129A  and  the  LM199A.  These  devices  were  selected  by  RADC, 
GEOS  and  members  of  the  JC-41  Committee  for  characterization.  The 
LMl29A's  and  LMl99A's  were  tested  in  test  circuits  devised  to 

check  each  parameter  at  all  of  the  specified  temperatures. 

7.2  Description  of  Device  Types 

The  LM129A  and  LM199A  precision  voltage  references  each  incorporate 
precision  temperature  compensated  6.9  volt  zener  references.  The  desigi 
of  the  silicon  chips  uses  a  subsurface  zener  diode  reference  to  reduce 
noise  and  long  term  stability.  This  construction  shown  in  Figure  7.1, 
is  accomplished  using  a  relatively  new  technique  known  as  ion  implan¬ 
tation.  The  subsurface  diode  is  buried  below  the  chip  surface  and  is 
therefore  shielded  from  surface  contamination  and  from  ion  inversion 
and  noise  problems  common  to  regular  zener  breakdown  diodes. 


SUBSURFACE 


| 


Figure  7.1.  Subsurface  Avalanche  Zener  Reference  Diode 
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The  voltage  reference,  additionally,  contains  circuitry  to  buffer  the 
temperature  compensated  zener  diode  from  current  variations  that 
accompany  load  current  changes.  The  circuit  for  the  LM199A  precision 
voltage  reference  is  shown  in  Figure  7.2. 


Figure  7.2.  Schematic  of  LM199A  Voltage  Reference. 


The  precision  reference  circuit  in  this  figure  is  comprised  of  two 
circuits  on  a  single  monolithic  silicon  chip.  One  circuit  is  a  temp¬ 
erature  stabilizer.  The  other  circuit  is  the  voltage  reference.  The 
voltage  reference  consists  of  a  reference  diode,  D3,  a  current  shunt 
circuit,  Q10-Q13  and  a  current  mirror,  Q14-Q16.  The  reference  diode 
is  temperature  compensated  by  adjusting  the  diode  current  for  0-T.C. 

This  is  accomplished  by  adjusting  the  10K  JL  resistor  in  the  base  of 
transistor  Q13.  Transistor  Q13  serves  to  buffer  any  reference  circuit 
current  variations  from  the  reference  diode.  For  example,  if  the 
external  load  current  suddenly  decreases,  the  current  through  the  ex¬ 
ternal  series  resistance  from  the  main  supply  will  tend  to  decrease, 
and  the  voltage  across  the  reference  will  tend  to  increase.  The  in¬ 
creased  voltage  across  the  reference  will  cause  more  current  to  flow 
in  the  base  of  transistor  Q13.  Since  transistor  Q13  supplies  base 
current  for  the  current  shunt,  the  current  shunt  also  conducts  more 
current.  By  adjusting  the  30  Kjr.  resistor  in  the  collector  of  Q12,  the 
increase  in  shunt  current  can  be  made  approximately  equal  to  the  decrease 
in  current  supplied  to  the  load.  The  only  current  change  to  the  refer¬ 
ence  diode  is  due  to  the  small  change  in  transistor  Q13  base  current. 
Transistors  Q14-Q16 
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form  a  current  mirror  and  serve  as  a  constant  current,  active  load  for 
transistor  Ql3.  Because  the  reference  diode  is  temperature  compensated 
and  because  the  current  shunt  handles  the  main  variations  in  current, 
the  reference  circuit  maintains  a  stable  output  voltage  for  large  vari¬ 
ations  of  both  temperature  and  current.  This  stability  is  observed  in 
both  the  LMl?9A  and  LM199A  precision  references. 

The  LM199A  differs  from  the  LM129A  in  that  it  also  contains  a  tempera¬ 
ture  stabilizer  circuit.  The  temperature  stabilizer  circuit  operates 
from  a  separate  supply  voltage  that  can  range  from  9V  to  40  V.  The 
circuit  draws  current  from  this  supply  so  as  to  maintain  a  constant 
chip  temperature  of  approximately  85° C.  As  the  chip  ambient  temperature 
decreases,  the  stabilizer  draws  more  current  from  the  supply  and 
increases  the  power  dissipation  on  the  chip.  Thus,  the  chip  temperature 
tends  to  remain  constant.  A  plot  of  average  power  dissipation  versus 
temperature  and  supply  voltage  is  shown  in  Figure  7.3.  A  thermal 
insulator  housing  is  used  with  the  LM199A  to  aid  in  the  maintenance  of 
a  constant  chip  temperature.  For  temperatures  above  85° C,  the  temper¬ 
ature  stabilizer  is  no  longer  effective  and  the  LM199A  precision 
reference  performance  is  essentially  degraded  to  that  of  the  LM129A. 

7.3  Device  characterization 

All  evaluation  and  characterization  of  the  precision  voltage  references 
was  performed  in  bench  test  set-ups,  and  measurements  were  made  on  an 
HP 3455  using  Kelvin  connections  to  the  DUT.  Breakdown  voltage  measure¬ 
ments  were  made  at  different  current  levels  and  at  different  tempera¬ 
tures,  -55°C,  25°C,  (85°C)  and  125°C.  Noise,  Dynamic  Impedance  and 
Warm-up  were  performed  at  one  current  level  at  25° C. 

Figure  7.4  shows  the  test  circuit  used  to  measure  breakdown  voltage. 

The  breakdown  voltage  measurements  on  the  LM129A  devices  were  made  at 
current  levels  of  0.6  mA,'  1.0  mA  and  15  mA.  For  the  LM199A,  these 
measurements  were  made  at  current  levels  of  0.5  mA,  1.8  mA,  5  mA^lO.O 
mA  and  11.3  mA  with  the  temperature  stabilizer  supply  voltages  set  at 
30  volts.  Additional  measurements  were  made  with  the  temperature 
stabilizer  supply  voltages  set  at  9  volts  and  40  volts. 

The  noise  test  circuit  is  shown  in  Figure  7.4.  Measurements  were  made 
on  a  Tektronix  model  7904  oscilloscope  with  a  model  7A22  differential 
input  preamplifier.  The  bandwidth  on  the  preamp  was  adjusted  for 
10  Hz  ^  BW  ^  10  kHz  and  peak-to-peak  measurements  were  .made  on  the 
oscilloscope. 
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The  dynamic  impedance  test  circuit  is  shown  in  Figure  7.5.  Measure¬ 
ments  were  made  using  a  400  Hz  signal  source  and  a  voltmeter  with  a 
400  Hz  narrow  band  filter.  AC  signal  levels  were  low  in  order  to 
insure  small  signal  impedance  measurements.  Kelvin  connections  were 
used  and  contact  was  made  1/8"  below  the  reference  case. 

The  initial  temperature  stabilizer  supply  current  was  measured  using  a 
Tektronix  model  storage  oscilloscope  with  a  current  probe.  The  peak 
current  was  recorded  from  the  oscilloscope. 

7.4  Test  Results  and  Evaluation  of  Data 

The  data  taken  on  these  devices  was  analyzed  to  determine  the  average 
value  and  standard  deviation.  The  results  of  this  analysis  are  shown 
in  Tables  7.1  through  7.15. 

The  tables  show  two  columns  for  average  value  and  two  columns  for 
standard  deviation.  The  two  columns  to  the  extreme  right  of  each  table 
indicate  the  final  average  value  and  the  final  standard  deviation  value 
after  the  non-typical  data  is  removed  from  the  analysis.  The  other 
two  columns  for  average  value  and  standard  deviation  value  are  computed 
from  all  of  the  data  measurements. 

The  data  was  obtained  from  21  parts  and  13  parts  for  the  LM12S&  and  the 
LM199A.  Statistical  analysis  on  these  devices  is  inconclusive  because 
of  the  small  sample  size,  however,  the  characterization  failed  to  un¬ 
cover  any  major  devices  anomalies,  and  some  of  the  measurements  were 
out  of  the  specified  tolerance.  Some  of  the  data  taken  was  strictly 
for  characterization  and  provides  data  on  conditions  not  specified  by 
the  vendor  or  recommended  for  the  device  slash  sheet. 

Tables  7.1  through  7.4  tabulate  the  analyzed,  measured  data  taken  on 
the  LM129A.  Measurements  were  made  on  the  devices  with  supply  currents 
of  .6  mA,  1.0  mA  and  15  mA.  The  reference  voltage  measurements  were  all 
well  within  the  manufacturer's  specified  limits  and  a  population  hysto- 
gram  of  these  voltages  is  shown  in  Figure  7.6  .  The  devices  all  had 
measured  output  voltages  slightly  below  the  nominal  of  6.95  ±  .25  volts. 
The  mean  value  for  Ij  *  1  mA  was  6.8724  with  a  standard  devication  of 
.02  volts. 

Data  for  the  evaluation  of  temperature  coefficient  was  obtained  by 
measuring  the  output  voltage  at  the  various  specified  temperatures  and 
determining  the  measurement  differences  in  PPM/°C.  The  mean  temperature 
coefficient  for  this  current  was  -  0.3  PPM/°C  with  a  standard  deviation 


of  3.1  PPM/°C  for- a  temperature  range  from  -  55°C  tb  25°C.  The  mean 
temperature  coefficient  over  the  temperature  range  from  25°C  to  125°C 
was  +  3.8  PPM/°C  with  a  standard  deviation  of  2.8  PPM/°C.  These  numberf 
are  well  within  the  specification  of  ±  10  PPM/°C.  For  this  character¬ 
ization  effort  similar  data  was  obtained  for  device  currents  of  .5  mA 
and  15  mA.  This  data  was  used  in  the  analysis  of  temperature  coefficiei 
change  with  current.  The  analysis  shows  that  the  data  for  T.C.  change 
with  current,  over  the  temperature  range  from  25° C  to  125° C,  is  greater 
than  the  vendor's  "typical"  specification.  The  mean  value  was  deter¬ 
mined  as  -  1.9  PPM/°C  and  the  standard  deviation  was  1.3  PPM/°C,  how¬ 
ever,  the  parts  received  by  OS  were  not  screened  for  this  parameter. 

Tables  7.5  through  7.15  tabulate  the  analysis  of  the  measured  data  for 
the  LM199A.  Data  was  taken  to  determine  the  power  dissipation  of  the 
thermal  stabilizer  versus  temperature.  The  results  of  this  data  are 
tabulated  in  Table  7.5  and  are  graphed  on  Figure  7.3  .  The  graph  shows 
the  linearity  of  the  change  in  power  dissipation  versus  temperature  for 
zero  current  in  the  reference  voltage  circuit.  From  this  information 
the  average  thermal  resistance  is  calculated  as 


9  = 


538.7  -  78.0 
85  +  55 


=  3.29  mW/°C 


The  vendor  was  contacted  on  this  matter  and  confirmed  that  the  figure 
should  be  2  -  5  mV/°C.  The  vendor  recommends  that  the  thermal  resis¬ 
tance  should  be  nominally  specified  at  5  nW/°C.  The  total  device  power 
dissipation  is  the  sum  of  the  thermal  stabilizer  circuit  power  and  the 
reference  voltage  circuit  power.  (P^  =  Pxs  +  Pr)«  The  graph  in  Figure 
7.3  shows  how  the  thermal  stabilizer  power  dissipation  is  affected  by 
the  added  power  dissipation  of  the  voltage  reference. 

Data  taken  for  various  reference  voltage  currents  was  taken  with  the 
thermal  stabilizer  supply  voltage  set  to  30  volts.  The  reference  volt¬ 
age  current  values  varied  from  .5  mA  to  11.3  mA.  Since  the  thermal 
stabilizer  temperature  is  not  regulated  to  the  maximum  temperature  of 
125°C,  two  temperature  coefficient  specifications  are  required.  One 
T.C.  tolerance  of  .5  PPM/°C  covers  the  temperature  range  from  -55° C  to 
85° C.  The  other  tolerance  of  10  PPM/eC  covers  the  temperature  range 
from  85°C  to  1258C.  Data  presented  in  Tables  7.6  to  7.10  shows  that 
T.C.  range  increases  as  the  current  through  the  reference  voltage  cir¬ 
cuit  increases.  For  currents  of  5  mA  and  larger,  the  standard  deviatio 
of  the  temperature  coefficients  is  larger  than  the  1  mA  limit  for 
a  temperature  range  from  25°C  to  85°C,  however,  these  devices  will  be 
tested  only  at  Ii  *  1  mA.  The  vendor  was  contacted  and  stated  that  thi 
and  other  parameters  can  be  screened  for  special  applications. 


Table  7.11  tabulates  the  results  of  the  analyzed  data  for  dynamic  im¬ 
pedance,  noise  and  T.C.  changes  with  current.  Noise  measurements  were 
made  by  determining  the  peak-to-peak  value  of  the  noise.  The  mean 
value  of  these  measurements  was  73.5  uV  p-p.  For  broad-band  white  noise, 
(RMS  value)=  (peak-to-peak  value) /6.  Therefore,  the  mean  RMS  value  is 
12.25  uV,  which  is  less  than  the  manufacturer's  specification.  As 
previously  described,  the  temperature  coefficient  increases  with  ref¬ 
erence  voltage  current.  The  affects  of  this  anomally  on  temperature 
coefficient  change  with  current  are  shown  in  Table  7.11.  The  most 
significant  tolerance  variation  occurs  for  a  temperature  range  of  25°C 
to  85°C  where  the  standard  deviation  is  1.3  PPM/°C. 

Tables  7.12  through  7.15  provide  additional  data  on  the  measurement  of 
reference  voltage,  temperature  coefficient  and  thermal  stabilizer  power 
dissipation.  For  these  measurements  the  reference  voltage  current  was 
set  to  1.8  mA  and  11.8  mA  and  the  thermal  stabilizer  voltage  was  set 
to  9  volts  and  40  volts.  The  data  results  were  consistent  with  previous 
measurements  and  no  anomalies  were  observed. 

Table  7.16  tabulates  the  analysis  of  measured  data  for  LM199A  Thermal 
Stabilizer  Initial  current,  Reference  Voltage  Warm-up  Stability  and 
Reference  Voltage  Temperature  Cycling  Hysteresis. 

7.5  Conclusions  and  Recommendations 

The  data  obtained  for  these  analyses  showed'  that  the  reference  voltage 
devices  met  the  specifications  published  by  the  manufacturer.  Other 
parameters,  not  one  hundred  percent  guaranteed  by  the  manufacturer  but 
recommended  by  the  JC-41  Committee,  were  measured  and  the  data  was 
analyzed.  Data  taken  on  the  temperature  coefficient  change  with  cur¬ 
rent  showed  that  some  devices  had  values  much  greater  than  the  published 
typical  value.  The  manufacturer  states  that  this  parameter  can  be 
guaranteed  but  the  additional  tests  will  add  extra  cost  to  the  parts,  it 
was  decided  not  to  recommend  specification  of  this  parameter. 

Additional  tests,  such  as,  power  off/on  repeatibility,  warm-up  stability, 
and  temperature  cycling  hysteresis  have  been  checked.  These  parameters 
require  extreme  care  in  order  to  obtain  reliable  test  data.  The  power 
off /on  data  was  obtained  as  a  consequence  of  the  warm-up  test  data  at 
time  =  5  min.  These  data  are  shown  in  Table  7-16.  OS  does  not  recommend 
that  the  power  off/on  and  warm-up  test  be  a  part  of  the  slash  sheet. 

No  major  anomalies  were  uncovered  during  this  characterization.  A  minor 
anomaly  was  observed  in  the  measurement  of  temperature  coefficient  change 
with  current.  As  the  voltage  reference  current  and  temperature  were 
increased  simultaneously  to  their  maximum,  the  T.C.  change  increased 
until  it  was  2-3  times  the  value  at  low  current  and  temperature. 

Table  7.17  lists  the  recommended  parameters  for  these  devices. 
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Figure  7.5.  Dynamic  impedance  test  circuit. 
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Table  7.1 


1/ 


.  Summary  of  Measurements  at  Ij  =  0.6  mA 


(LM129A) 


Parameter 

2/ 

Overall 

Average 

Overall 

<r 

Parameter  values  not  included 
in  Final  Average  and  Final  (T, 
and  associated  devices 

2/ 

Final 

Average 

Final 

cr-’ 

Reference 
Voltage  at 
25°C  (volts) 

High  = 

+6.8922 

+6.8718 

Low  = 
+6.8360 

.02 

None 

Manufacturer's  spec  = 

6.95  ±  .25  V 

High  = 
+6.8922 
+6.8718 
Low  = 
+6.8360 

.02 

Tc  over  range 
-55°C£Ta*25°i 

(ppm/°c) 

High  =  +4.2 

C  -0.5 

Low  =  -6.1 

3.0 

None 

Manufacturer's  spec  = 

±  10  PPM/°C 

High  = 
+4.2 
-0.5 

Low  = 

-6.1  i 

3.0 

■ 

Tc  over  range 
25°C4Ta-£25°i 
(PPM/°C) 

High  =  +8.0 

C  +  3.8 

Low  =  -7.7 

3.6 

— 

None 

Manufacturer's  spec  * 

±(#ppm/°  c 

High  = 
+8.0 
+3.8 

Low  = 

-7.7 

3.6 

Notes;  1.  *=  current  through  voltage  reference. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.2.  Summary  of  Measurements  at  ^  ■  1  mA—  (LM129A) 


Parameter 

2/ 

Overall 

Voltage 

Overall 
c r" 

Parameter  values  not  included 
in  Final  Average  and  Final  tT", 
and  associated  device  # 

2/ 

Final 

Average 

Final 

cr 

Reference 
Voltage  at 

25° C  (volts) 

High  = 

+6.8927 

+6.8724 

Low  = 
+6.8365 

.02 

None 

Manufacturer's  spec  = 

6.95  ±  .25V 

High  = 
+6.8927 
+6.8724 
Low  = 
+6.8365 

.02 

Tc  over  range 
-55°C£Ta425°< 
(ppm/°c) 

High  =  +4.2 
:  -0.3 

Low  =  -6.8 

■ 

None 

Manufacturer's  spec  = 

±  10  PPM/°C 

High  = 

+4.2 

-0.3 

Low  = 
-6.8 

3.1 

Tc  over  range 

25°C  £Ta  £■  125' 

High  =  +7.4 
’C  +3.8 

Low  =  -2.5 

2.8 

None 

Manufacturer's  spec  = 

±  10  PPM/°C 

High  = 

+7.2 

+3.8 

Low  = 
-2.5 

2.8 

Notes;  1.  Ii  =  current  through  voltage  reference. 

2.  Each  block  in  the  average  column  indicates  the  high  value,  the 
computed  average  value  and  the  low  value  for  the' specified 
parameter. 
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Table  7.3.  Summary  of  Measurements  at  1^  =  15  mA-  (LM129A) 


parameter 

2/ 

Overall 

Average 

Overall 

<r 

Parameter  values  not  included 
in  Final  Average  and  Final JT, 
and  associated  device  # 

2/ 

Final 

Average 

Final 

Reference 
Voltage  at 

25° C  (volts) 

High  = 

+6.9036 

+6.8852 

Low  = 
+6.8455 

.02 

None 

Manufacturer's  spec  = 

6.95  ±  .25V 

High  = 
+6.9036 
+6.8852 
Low  = 
+6.8455 

.02 

Tc  over  range 
-55°C4  Ta^  25' 
(PPM/°C) 

High  =  +2.3 
"C  -1.8 

Low  = 

-7.3 

2.8 

None 

Manufacturer's  spec  = 

+  10  PPM/°C 

High  = 
+2.3 
-1.8 

Low  » 

-7.3 

2.8 

Tc  over  range 
25°C*Ta*  !25' 
(ppm/°c) 

High  =  +8.4 
’C  +4.5 

Low  =  -1.2 

■ 

None 

Manufacturer's  spec  = 

±  10  PPM/°C 

High  = 

+8  o4 
+4.5 

Low  = 
-1.2 

2.7 

Notes;  1.  1^  =  current  through  voltage  reference. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.4.  Summary  of  Measurements 


(LM129A) 


Parameter 

2/ 

Overall 

Average 

Overall 

Parameter  values  not  included 
in  Final  Average  and  Final  <J", 
and  associated  device  # 

2/ 

Final 

Average 

Final 

O-' 

P-P  Noise 
(uV) 

69.8 

4.9 

None 

Manufacturer's  spec  = 

20  (RMS  max) 

69.8 

4.9 

Change  in 
reverse  break¬ 
down  tempera¬ 
ture  coefficient 
with  current 

1  mA-£li^l5  mk—/ 
-55°C£Ta^  25°  C 

High  = 
+2.1 
+0.8 

Low  = 
-1.2 

0.8 

None 

Manufacturer's  spec  = 

±  1  PPM/0 C  ( 

High  = 
+2.1 
+0.8 

Low  = 
-1.2 

0.8 

Change  in  re¬ 
verse  break¬ 
down  tempera¬ 
ture  coefficient 

1  mA-£'I1^15  mAi7 
25°C  £  Ta£.  125° C 

I 

None 

Manufacturer's  spec  = 

±  1  PPM/°C  (T^wJ) 

High  = 
+0.6 
-1.9 

Low  = 
-5.2 

1 

Dynamic 

Impedance  (ohms) 

.74 

.24 

None 

Manufacturer 's  spec  =  lji. 

.74 

■ 

■i 

Notes;  1.  1^  =  current  through  voltage  reference. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 


Notes;  1.  1^  =  current  through  voltage  reference. 

Vs  =  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.6.  Summary  of  Measurements  at  1^  = 


mkf  Vs  =  30  V-  (LM199A) 


Parameter 

2/ 

Overall 

Average 

Overall 

<r 

parameter  values  not  included 
in  Final  Average  and  Final tf"”, 
and  associated  device  # 

2/ 

Final 

Average 

Final 

ar 

Reference 

Voltage  at 

25°C  (volts) 

High  = 
+6.9899 
+6.9582 
Low  * 
+6.9025 

.03 

None 

Manufacturer's  spec  = 

+6.95  ±  .15 

High  = 
+6.9899 
+6.9582 
Low  = 

+6.9025 

.03 

Tc  over  range 
-55°CST  £  25°C 

C ppM/'c ) 

High  = 

0.0 

-.31 

Low  = 
-.54 

t High  = 
0.0 
-.31 

Low  = 
-.54 

.17 

Tc  over  range 
25°C$Ta$  85°  C 
(PPW'C) 

High  = 

+  .24 
-.50 

Low  = 
-.95 

1  1 

! 

.34 

None 

Manufacturer’s  spec  =  .5 

High  = 

+.24 

-.50 

Low  = 
-95 

.34 

Tc  over  range 

85°C^T.<  125°  C  1 
(PPM/°C) 

High  = 

+7.5 

+1.7 

Low  = 
-9.4 

■ 

None 

Manufacturer^  spec  ■  10 

High  * 

+7.5 

+1.7 

Low  = 
-9.4 

5.0 

Notes;  1.  1^  ■  current  through  voltage  reference 

Vg  *  temperature  stabilizer  voltage 
2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.7.  Summary  of  Measurements  at  1^  =  1.8  mAj  Vs  =  30  V—  (LM199A) 


Parameter 

2/ 

Overall 

Average 

Overall 

<r 

Parameter  values  not  included 
in  Final  Average  and  Final  J~, 
and  associated  device  # 

2/ 

Final 

Average 

Final 

<r 

Reference 

Voltage  at 

25° C  (volts) 

High  = 
+6.99376 
+6.95932 
Low  = 
+6.84427 

.03 

None 

Manufacturer's  spec  = 

6.95  ±  .15  V 

High  = 
+6.99376 
+6.95932 
Low  = 
+6.84427 

.03 

Tc  over  range 
-55°C£Ta-6  25°C 
(PPM/°C) 

High  = 

+.72 

-0.4 

Low  = 
-10.0 

■ 

-3.2,  device  #12 
-10.0,  device  #15 
Manufacturer's  spec  = 

m%m 

i  ■ 

0.2 

Tc  over  range 
25°C«£:Ta^850C 
(PPM/  C) 

High  = 

+0.7 

+.32 

Low  = 

0.0 

0.3 

None 

Manufacturer's  spec  =  <5 

m  i 

0.3 

Tc  over  range 

8  5°C^Ta6-125°C 
(PPM/°C) 

High  = 
+9.3 
+0.6 

Low  = 
-11.3 

6.6 

None 

Manufacturer's  spec  =  10 

High  = 

+9.3 

+0.6 

Low  = 
-11.3 

6.6 

Heater  Power 
dissipation  at 

Ta  =  -55° C  (mW) 

*  •  •  •  • 

High  = 

567.0 

522.0 

Low  - 
491.7 

22.3 

None 

High  * 

567.0 

522.0 

Low  = 
491.7 

22.3 

Heater  Power 
dissipation  at 

Ta  =  25° C  (mW) 

High  = 

240.9 

213.6 

Low  = 
192.0 

14.8  ' 

None 

High  = 

240.9 

213.6 

Low  = 
192.0 

14.8 

Heater  Power 
dissipation  at 

Ta  =  85° C  (mW) 

High  = 

65.7 

41.3 

Low  - 

20.7 

18.0 

None 

High  = 

65.7 

41.3 

Low  = 

20.7 

18.0 

Heater  Power 
dissipation  at 

Ta  =  125° C  (mW) 

High  = 
25.2 

22.5 

Low  = 
20.0 

1.7 

None 

High  = 
25.2 

22.5 

Low  = 

20.0 

1.7 

Notes;  1.  i-l  =  current  through  voltage  reference. 

Vs  =  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.8.  Summary  of  Measurements  at  Ij_  =  5  mAj  Vg  =  30  V— ^  (LM199A) 


Parameter 

2/ 

Overall 

Average 

Overall 

Parameter  values  not  included 
in  Final  Average  and  Final ff", 
and  associated  device  # 

2/ 

Final 

Average 

Final 

Reference 

Voltage  at 

25° C  (volts) 

High  = 
+6.9929 
+6.9613 
Low  = 
+6.9055 

.03 

None 

Manufacturer's  spec  = 

High  = 
+6.9929 
+6.9613 
Low  = 
+6.9055 

.03 

Tc  over  range 
-55®C£Ta£  25°C 
(PPM/"C) 

High  = 

+.54 

.03 

Low  = 
-.54 

.25 

None 

Manufacturer's  spec  =  .5 

High  = 

+.54 

.03 

Low  = 
-.54 

■  .25 

T  over  range 

25*cSt  *  85® C 

0PPM7°C) 

High  = 

+1.9 

+.28 

Low  = 
-.72 

.80 

i 

None 

Manufacturer's  spec  *  .5 

High  = 

+1.9 

+.28 

Low  = 
-.72 

.80 

Tc  =  over  range 
85®C*T  <  125® C 
(PPM7®C) 

mi 

Jigs 

5.5 

None 

Manufacturer's  spec  *  10 

warn 

5.5 

Notes:  1.  Ij^  -  current  through  voltage  reference 
V8  »  temperature  stabilizer  voltage 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Reference 

Voltage  at 

25°c  (volts) 

High  = 
+6.9955 
+6.9640 
Low  = 
+6.9085 

.03 

None 

Manufacturer's  spec  = 

+6.95  ±  .15 

High  = 
+6.9955 
+6.9640 
Low  = 
+6.9085 

T  over  range 
-55°c£ta£’  25°C 
(PPM/°C) 

■ 

.23 

None 

Manufacturer's  spec  =  .5 

Tc  over  range 
25°ciTA4T  85° C 
(PPM/0  C) 

High  = 

+1.9 

+.91 

Low  = 
-1.2 

.90 

None 

Manufacturer's  spec  =  .5 

High  = 

+1.9 

+.91 

Low  = 
-1.2 

Tc  over  range 

85°  C$  T*^  125° C 
(PPM/°C) 

■ 

None 

Manufacturer's  spec  =  10 

High  = 
+10.0 
+2.8 

Low  = 
-10.5 

Notes  1.  1^  =  current  through  voltage  reference 

Vs  =  temperature  stabilizer  voltage 
2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7. ID.  Summary  of  Measurements  at  Ij  =  11.3  mA£  Vs  =  30  V“  (IM199A) 


Parameter 

2/ 

Overall 

Average 

Overall 

o- 

Parameter  values  not  included 
in  Final  Average  and  Final  tf", 
and  associated  device  # 

2/ 

Final 

Average 

Final 

or 

Reference 

Voltage  at 

25° C  (volts) 

High  = 
+6.99934 
+6.96484 
Low  = 

+6.85108 

0.3 

None 

Manufacturer's  spec  = 

6.95  ±  .15  V 

High  * 
+6.99934 
+6.96484 
Low  = 
+6.85108 

.03 

Tc  over  range 
-55° C  T.6  25° C 
(PPM7°C) 

High  = 

+9.5 

+0.9 

Low  = 
-4.3 

n 

-4.3,  device  #12 
+9.5,  device  #13 

High  = 
+1.6 
+0.7 

Low  = 
-.36 

0.4 

Tc  over  range 
25°C^T»  £85°C 
(PPM/°C) 

High  = 

+4.8 

+2.5 

Low  = 
-0.7 

1.5 

+4.8,  device  #5 
+3.6,  device  #17 

mm 

1.4 

Tc  over  range 
85°C£TAi  125°  C 
(ppm7°c) 

High  = 
+7.3 
-1.0 

Low  = 
-15.7 

5.5 

-15.7  device  #1 

High  = 

+7.3 

+.05 

Low  = 

-7.6 

4.1 

Heater  Power 
dissipation  at 

Ta  =  -55° C  (mW) 

High  * 

501.9 

458.4 

Low  = 
425.7 

24.2 

None 

High  ■ 

501.9 

458.4 

Low  = 
425.7 

24.4 

Heater  Power 
dissipation  at 

Ta  -  25° C  (mW) 

High  = 
174.6 

146.8 

Low  - 

121.8 

14.9 

None 

High  = 
174.6 

146.8 

Low  “ 

121.8 

14.9 

Heater  Power 

dissipation  at 

T.  *  85° C 

A 

High  = 
42.9 

32.8 

Low  ■ 
23.4 

6.2 

None 

High  =■ 
42.9 

32.8 

Low  * 
23.4 

6.2 

Heater  Power 
dissipation  at 

Ta  -  125° C  (mW) 

High  ” 
51.1 

41.7 

Low  ■ 
32.3 

6.1 

None 

m 

Notes:  1.  ■  current  through  voltage  reference. 

Vg  “  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.11.  Summary  of  Measurements  (LM199A) 


Parameter 


Dynamic 

Impedance  (ohms) 


Peak  to  Peak 
Noise  (uV) 


Change  in  reverse 
breakdown  temp¬ 
erature  coeffic¬ 
ient  with  current 
1 . 8mA  ^,1  i^ll.  3mA 
-55°C£Ta£  25°C 


Change  in  reverse 
breakdown  temp¬ 
erature  coeffic¬ 
ient  with  current 
1.8mA  11.3mA 

25°C£Ta£  85°C 


Change  in  reverse 
breakdown  temp¬ 
erature  coeffic¬ 
ient  with  current 
1.8mA  £  1^  .£  11.3mA 
85®CiTA^Ll25°C 


1/ 

Overall 

Average 


lOverall 
a~ 


High  = 
.83 
.66 
Low  = 

.3 


High  = 
80 

73.5 
Low  = 
50 


High  = 
+10.7 
+1.4 
Low  = 
-1.1 


High 

+4.8 
+2.2 
Low  * 

-0.7 


High 
+8.6 
-1.7 
Low  = 
-4.5 


.12 


6.9 


3.1 


1.4 


3.4 


Parameter  values  not  included 
in  Final  Average  and  Finals", 
and  associated  device  # 


None 

Manufacturer's  spec  =  1  (max) 


None 

Manufacturer's  spec  =  20 
(RMS  max) _ 


+9.1,  device  #14 
+10.7,  device  #16 


+4.8,  device  #17 


None 


1/ 

Final 

Average 


High 
.83 
.66 
Low  ■ 
.3 


High  = 
80 

73.5 
Low  = 
50 


High  = 
+1.1 
+0.3 
Low  = 

-1.1 


High 
+3.6 
+2.0 
Low  = 
-0.7 


High 
+8.6 
-1.7 
Low  = 
-4.5 


Final 

0~ 


.12 


6.9 


0.5 


1.3 


3.' 


Note;  1.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.12.  Summary  of  Measurements  at  =  1.8  mA  *  Vg  =  9  V-  (I24199A) 


Parameter 

2/ 

Overall 

Average 

Dverall 

c- 

F  irameter  values  not  included 
n  Final  Average  and  Final  <T, 
and  associated  device  # 

2/ 

Final 

Average 

Final 

<r 

Reference 

Voltage  at 

25° C  (volts) 

High  = 
+6.99343 
+6.95897 
Low  = 
+6.84392 

t 

.03 

i 

None 

Manufacturer's  spec  = 

6.95+  .15  V 

High  = 
+6.93343 
+6.95897 
Low  = 
+6.84392 

.03 

Tc  over  range 
-55°C*T.*  25°C 
(PPM/*C) 

High  = 
+1.6 
+0.2 

Low  = 
-16.3 

3.9 

-16.3,  device  #15 

High  = 
+1.6 
+1.2 

Low  = 

+.72 

0.3 

Tc  over  range 
25°C£Ta£85°C 
(PPM/°C) 

High  = 
+1.4 
+1.1 

Low  = 
+0.5 

0.3 

None 

High  = 
+1.4 
+1.1 

Low  = 

+0.5 

fl 

Tc  over  range 
85°CiTA*  125°C 
(PPM/°C) 

High  * 
+10.0 
-3.0 

Low  = 
-63.0 

17.1 

-19.0,  device  #1 
-63.0,  device  #19 

High  = 
+10.0 
+2.4 

Low  = 

-9.4 

5.6 

Heater  Power 
dissipation  at 

Ta  =  -55° C  (tnW) 

High  = 

569.7 

521.6 

Low  = 
476.1 

27.1 

None 

High  = 

569.7 

521.6 

Low  » 
476.1 

27.1 

Heater  Power 
dissipation  at 

Ta  =  25°C  (niW) 

15.2 

None 

High  = 

243.0 

214.6 

Low  * 
190.8 

15.2 

Heater  Power 
dissipation  at 

Ta  »  85°  C  (mW) 

E 

19,1 

None 

tmwm 

19.1 

Heater  Power 
dissipation  at 

Ta  -  125° C  (mW) 

High  * 
7.2 

6.4 

Low  = 

5.5 

■ 

Ncne 

High  - 
7.2 

6.4 

Low  “ 

5.5 

■ 

Notes;  1. 


current  through  voltage  reference. 
s  -  temperature  stabilizer  voltage. 


Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.13.  Summary  of  Measurements  at  1^  =  11.3  mA^Vs  =  9  V-  (LM199A) 


Parameter 

2/ 

Overall 
Average  , 

Overall 

<r- 

Parameter  values  not  included 
in  Final  Average  and  Final  J", 
and  associated  device  # 

2/ 

Final 

Average 

Final 

Reference 

Voltage  at 

25°C  (volts) 

High  = 

+6.99912 

+6.96457 

Low  = 

+6.85086 

.03 

None 

Manufacturer's  spec  = 

6.95  ±  .15  V 

High  = 
+6.99912 
+6.96457 
Low  = 
+6.85086 

.03 

Tc  over  range 
-55°C£Ta£25°C 
(ppm/°c) 

High  = 
+1.8 
+1.5 

Low  = 

+.54 

0.3 

None 

■ 

0.3 

Tc  over  range 
25°C4Ta  £85°C 
(PPM/C) 

High  = 

+5.5 
+2 . 6 

Low  = 

+.5 

1.3 

+4.1,  device  #5 
+5.5,  device  #17 

High  = 

+3.4 

+2.3 

Low  = 

+.5 

1.0 

Tc  over  range 

85°C  £Ta£125°C 
(PPM/°C) 

High  = 
+148.7 
+8 . 8 

Low  = 
-28.5 

38.6 

-28.5,  device  #1 
+148.7,  device  #16 

High  = 

+11.4 

+0.9 

Low  = 
-13.7 

1 

Heater  Power 
dissipation  at 

Ta  =  -55° C  (mW) 

24.5 

None 

High  = 

504.0 

457.6 

Low  = 
421.2 

24.5 

Heater  Power 
dissipation  at 

Ta  =  25° C  (mW) 

High  = 

179.8 

150.4 

Low  = 
124.6 

15.7  . 

None 

High  = 

179.8 

150.4 

Low  “ 

124.6 

15.7 

Heater  Power 
dissipation  at 

Ta  =  85° C  (mW) 

High  - 
12.1 

9.0 

Low  = 

6.9 

1.8 

None 

High  = 
12.1 

9.0 

Low  = 

6.9 

1.8 

Heater  Power 
dissipation  at 

Ta  =  125° C  (mW) 

High  = 
14.2 

11.5 

Low  = 

8.8 

1.8 

None 

High  = 
14.2 

11.5 

Low  = 

8.8 

1.8 

Notes:  1.  1^  =  current  through  voltage  reference. 

Vs  =  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.14.  Summary  of  Measurements  at  Ii  =  1.8  mA  \  Vs  =40  V— ^  (LM199A) 


Parameter 

2/ 

Overall 

Average 

Overall 

o- 

Parameter  values  not  included 
in  Final  Average  and  Final  (T, 
add  associated  device  # 

2/ 

Final 

Average 

Final 

< r 

Reference 

Voltage  at 

25° C  (volts) 

High  = 
+6.99383 
+6.95949 
Low  = 
+6.84433 

.03 

None 

Manufacturer's  spec  = 

6. 95  ±  .15  V 

High  = 
+6.99383 
+6.95949 
Low  = 
+6.84433 

.03 

Tc  over  range 
-55°C£'TA£25°C 
(ppm/°c) 

High  = 

+.54 

+.23 

Low  = 
-.18 

0.2 

None 

High  = 

+.59 

+.23 

Low  = 
-.18 

0.2 

Tc  over  range 
25°C£T.£  85° C 
(PPM/^C) 

High  = 

+0.7 

+.3 

Low  = 
+0.2 

0.3 

None 

High  = 

+0.7 

+.3 

Low  = 
+0.2 

0.3 

Tc  over  range 
85°CiTA£125°C 
(PPM/°C) 

High  = 

+7.9 

-4.9 

Low  = 
-78.1 

20.1 

-19.7,  device  #1 
-78.1,  device  #19 

High  * 

+7.9 

+1.4 

Low  * 
-9.8 

5.3 

Heater  Power 
dissipated  at 

Ta  =  -55°C  (mW) 

High  = 

566.4 

521.6 

Low  = 
486.0 

23.9 

None 

High  * 

.66.4 

521.6 

Low  * 
486.0 

23.9 

Heater  Power 
dissipated  at 

Ta  =  25° C  (mW) 

m 

; 

15.0 

None 

15.0 

Heater  Power 
dissipation  at 

TA  =  85° C  (mW) 

High  = 

64.8 

43.8 

Low  = 
28.0 

14.7 

None 

High  - 

64.8 

43.8 

Low  = 
28.0 

14.7 

Heater  Power 
dissipated  at 

Ta  -  125° C  (mW) 

High  = 

33.9 

30.5 

Low  = 

26.9 

2.2 

None 

1 _ _ 

mm 

2.2 

Note*:  1.  1^  =  current  through  voltage  reference. 

Vs  =  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 


VII  -24 


3 


Table  7.15.  Summary  of  Measurements  at  Ij^  =  11.3  mA:Vs  =  40  V— ^  (LM199A) 


Parameter 

Overall 

Average 

Dverall 

(T~ 

Parameter  values  not  included 
in  Final  Average  and  Final  3", 
and  associated  device  # 

Final 

Average 

Final 

cr 

Reference 

Voltage  at 

25° C  (volts) 

High  = 
+6.99938 
+6.96488 
Low  = 
+6.85109 

.03 

None 

Manufacturer's  spec 

High  = 

+6. 99938 
+6.96488 
Low  = 
+6.85109 

.03 

Tc  over  range 
-55°C  ST.'S  25°C 
(PPM7°C) 

2.0 

+9.3,  device  #13 

■ 

B  M  ■  1 

0.3 

Tc  over  range 

25°C  £.T*  s&  85°  C 
(PPM/°C) 

High  = 
+6.4 
+2.6 

Low  = 
-1.2 

■ 

+6.0,  device  #5 
+6.4,  device  #17 

High  = 

+3.8 

+2.0 

Low  = 

-1.2 

1.6 

Tc  over  range 

85°C  — T*  ^  125°  C 
(PPM/°C) 

High  = 

+13.9 

-3.8 

Low  = 

-35.4 

11.4 

-35.4,  device  #1 
-16.6,  device  #2 

High  = 

+13.9 

-0.3 

Low  = 
-12.3 

7.3 

Heater  Power 
dissipation  at 

Ta  =  -55°  C  (mW) 

•  «  •  •  • 

High  = 
503.2 
457.0 
.  Low  = .  . 
411.6 

None 

.  .... 

High  = 

503.2 

457.0 

Low  = 
411.6 

25.6 

Heater  Power 
dissipation  at 

Ta  =  25° C  (mW) 

High  = 

173.6 

145.8 

Low  = 
120.4 

15.0 

None 

High  = 

173.6 

145.8 

Low  = 
120.4 

15.0 

Heater  Power 
dissipation  at 

TA  =  85° C  (rrW) 

High  = 
61.6 

45.5 

Low  = 
34.8 

8.5 

None 

High  = 
61.6 

45.5 

Low  = 

34.8 

8.5 

Heater  Power 
dissipation  at 

Ta  =  125° C  (mW) 

High  = 
70.9 

57.7 

Low  = 
44.3 

8.4 

None 

fCTfgjjg: 

8.4 

Notes;  1.  1^  3  current  through  voltage  reference. 

Vs  3  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.16.  Summary  of  Measurements  at  Ij  *  1  mA;  Vs  =  30  V~M 


Parameter 

2/ 

Overall 

Average 

Overall 

r 

Parameter  values  not  included 
in  Final  Average  and  Final  (T , 
and  associated  device  # 

2/ 

Final 

Average 

Final 

<Tj 

Initial  Heater 
Current  (nk) 

High  = 
120 

108.5 

Wm 

9.0 

None 

High  * 
120 
108.5 

w 

H 

Reference  Volt¬ 
age  Warm-up 
Stability 
t  *  10  sec  (PPM) 

High  - 
15.2 

9.05 
Low  » 

-  5.6 

■ 

None 

High  * 
15.2 
7.05 

Low  = 

-  5.6 

■ 

Reference  Volt¬ 
age  Warm-up 
Stability 
t  ■  1  min  (PPM) 

High  - 
5.07 

0.35 

LOW  =» 

-9.74 

3.8 

None 

High  = 

5.07 

0.35 

Low  » 
-9.74 

3.8 

Reference  Volt¬ 
age  Warm-up 
Stability 
t  *  5  min  (PPM) 

High  = 

1.3 

-  2.4 
Low  => 

-  9.74 

2.8 

None 

High  = 
1.3 

-  2.4 
Low  = 

-  9.74 

2.8 

Reference  Volt¬ 
age  Temperature 
Cycling  Hystere¬ 
sis  (positive 
Temp)  (PPM) 

High  * 

2.03 
-0.57 
Low  =* 
-2.4 

1.29 

None  .  . 

... 

High  * 
2.03 
-0.57 
Low  = 
-2.4 

1.29 

Reference  Volt¬ 
age  Temperature 
Cycling  Hystere¬ 
sis  (Negative 
Temp)  (PPM) 

imu 

gH 

mm 

2.8 

None 

EBB 

n  ■ 

2.8 

Motes;  1.  Ii  -  current  through  voltage  reference. 

V8  “  temperature  stabilizer  voltage. 

2.  Each  block  in  the  average  column  Includes  the  high  value,  the 
computed  average  value  and  the  low  value  for  the  specified 
parameter. 
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Table  7.17.  Electrical  performance  characteristics  for  device  types  01  &  02 
(See  3.4  unless  otherwise  specified) 


Characteristics 

Symbol 

Conditions 

Device 

Type 

Limits 

Unitt 

Min. 

Max. 

Reference  Volt¬ 
age 

VR 

0.5mA*Rfl0mA 
VS “30V 

TA-25“C 

01 

6.800 

7.100 

V 

0 .6mAilRil5mA 

02 

6.70 

7.20 

Reference  Volt¬ 
age  change  with 
current 

4Vr 

(CURRENT) 

0 .  SmAtlR -10  mA 
Vs =30V 

Ta-75*C  “T 

01 

-  9 

9 

mV 

-55“C1Ta-125  C 

01 

-12 

12 

0 . 6mAilR^J.5mA 

Ta-25°C 

02 

-14 

14 

-55°C4Ta -125 JC 

02 

-18 

18 

Reference  Volt¬ 
age  Temperature 

aVr 

A  T 

IR=1 ,0mA 

VS-30V 

-55°CtTA-85°C 

01 

-.5 

.5 

Ppm  i 

855c5:aS2T!C~ 

01 

-10 

10 

°c  ! 

i 

Ir=1 ,0mA 

-55°CiTA -125jC 

02 

-10 

10 

Dynamic  Imped¬ 
ance 

ZD 

iR-lmA 

8i=.3V;f=400Hj 

Vs-3()V;Ta-250C 

Ol 

0 

1 

Ohms  | 

TA-25dC 

02 

0 

1 

Noise 

No 

lR“lmA 

BW-lOHz  to 
10kHz 

Vs-30V;Ta-25uC 

01 

0 

20 

AVrms  j 

Ta=25°C 

02 

0 

20 

j 

lR=lmA 

BW-O.lHz  to 
10Hz 

Vs=30V;TA-256C 

01 

0 

7 

\Vp-p  | 

Ta-25°C 

02 

0 

7 

j 

Temperature 
stabilizer 
Supply 
'  current 

is 

9ViVs*40V 

lR“0mA 

rA=25,,C 

01 

2.5 

14 

mA] 

i 

i 

i 

rA— 55"c 

01 

i.6 

28 

Initial  Tem¬ 
perature 
stabilizer 
supply  current 

IS  I 

9ViVs^.40v 

lR=emA 

rA-25°C 

01 

-- 

200 

Reference  Volt¬ 
age  temperature 
cycling 
hysteresis 

CEiwB 

V 

7s -30V 

01 

-10 

10 

02' 

■ 

■ 

mV 

Reference  Volt¬ 
age  long  term 
stability 

AVR 

A  t 

Ir-IdiA 

St-1000  hrs 

/S“30V;Ta=25‘’C 

01 

-20 

20 

PPM 

Ta^s'c 

m 

-20 

20 

PPM 
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SECTION  VIII 


SAMPLE/HOLD  CIRCUITS 
MIL-M-38510/125 

1  Background  and  Introduction 

With  the  advent  of  monolithic  sample/hold  circuits  and  their  use  in 
the  expanding  fields  of  data  acquisition  and  data  distribution,  the 
time  was  right  to  characterize  and  specify  these  devices  for  military 
systems,,  National  Semiconductor's  LF198  was  the  first  characterization 
candidate  to  be  proposed  by  the  JC-41  Committee.  Although  this  report 
only  covers  the  LF198,  a  variety  of  other  devices  may  eventually  be 
added  to  the  future  slash  sheet  MIL-M-38510/125. 


A  list  of  popular  sample/hold  circuits  is  shown  below: 

Generic  Industry  Manufacturer 

Type 


LF198 


NSC,  AMD,  Signetics 


SMP-11,  -81 


PMI 


HA2420 

IH5115 

LH0023,  0043,  0053 
AD582 


Harris 

Intersil 

NSC 

Analog  Devices 


At  the  time  of  this  writing  (October  1979)  characterization  work  on 
the  LF198  is  only  in  the  beginning  stages.  Most  device  parameters  and 
test  conditions  have  been  identified.  Test  results,  data  analysis  and 
final  slash  sheet  recommendations  will  not  be  included  in  this  report. 

2  Device  Type  Description 

The  LF198  is  a  monolithic,  unity  gain,  closed  loop  type  sample/hold 
circuit.  A  functional  schematic  is  shown  in  Figure  8-1.  When  this 
device  is  in  the  sample  mode  with  the  switch  closed,  the  hold  capacitor 
charges  to  whatever  level  it  takes  to  make  the  output  equal  to  the 
input.  Gain  accuracy  of  ±  .02%  is  guaranteed  over  the  military  temp¬ 
erature  range  with  a  typical  acquisition  time  of  6  us.  Bi-FET  tech¬ 
nology  is  used  to  make  the  J-FET  input  transistors  of  the  output 
buffer  amplifier  and  thus  minimize  the  loading  on  the  external  hold 
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Figure  8-1.  LF198  S/H  functional  schematic. 


capacitor.  Bi-polar  transistors  are  used  foe  the  inputs  of  the  signal 
amplifier  to  obtain  low  offset  voltage  and  wide  bandwidth.  Unlike 
many  hybrid  and  modular  sample/holds,  this  device  has  an  operating 
power  supply  range  from  ±  5  V  to  ±  18  V.  Feed  through  in  the  hold 
mode  has  been  minimized  to  0.1  pf  from  input  to  output.  Mode  control 
is  exercised  through  a  TTL  compatible  differential  comparator  with  a 
nominal  threshold  of  1.2  V.  Acquisition  time,  droop  rate,  hold  step 
and  dynamic  sampling  error  are  important  sample/hold  parameters  which 
are  very  much  dependent  on  the  hold  capacitor  as  well  as  the  device 
itself. 

It  is  almost  obvious  to  see  that  a  smaller  capacitor  will  yield  a 
faster  acquisition  time  and  small  dynamic  sampling  error  at  the 
expense  of  higher  hold  step  and  droop  rate.  The  quality  of  the  storage 
capacitor  is  also  critical  to  sample/hold  circuit  performance.  Only 
capacitors  with  low  dielectric  absorption  will  resist  excessive  "sag 
back"  after  being  subjected  to  a  quick  charge  of  input  voltage.  Teflon, 
polypropylene  and  polystyrene  capacitors  have  this  low  hysteresis 
feature  whereas  mica  and  ceramic  types  do  not. 

The  back-to-back  diodes  and  the  30  K  ohm  resistor  maintain  a  feed  back 
path  for  the  input  buffer  when  the  device  is  in  the  hold  mode. 

Without  this  feature,  the  buffer  input  impedance  could  change  as  a 
function  of  being  in  the  sample  or  hold  mode.  Also  with  the  input 
buffer  loop  open,  there  would  be  a  greater  tendency  for  overload 
recovery  time  problems  and  acquisition  time  would  be  compromised. 
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8.3  Device  Characterization 

The  LF198  is  the  first  sample/hold  circuit  to  be  characterized  and 
specified  for  a  MIL-M-38510  slash  sheet.  Therefore,  the  commercial 
data  sheet  had  to  be  critically  examined  to  determine  what  additional 
parameters  and  test  conditions,  if  any,  would  be  required  for  an  adequate 
military  specification.  Table  8-1  shows  the  generic  LF198  electrical 
specifications.  Further  details  on  additional  parameters  and  conditions 
to  satisfy  a  slash  sheet  specification  are  shown  in  the  JC-41  Committee 
electrical  performance  characteristics  of  Table  8-2.  Next,  a  test 
procedure  had  to  be  formulated  on  how  to  measure  the  various  sample/ 
hold  parameters. 

Some  very  useful  ideas  and  procedures  were  provided  by  National  Semi¬ 
conductor  and  Advanced  Micro  Devices.  This  manufacturer  information 
was  then  used  in  developing  a  test  circuit  and  a  quasi  Table  III  for 
the  proposed  MIL-M-38510/ 125  specification.  Copies  of  the  GEOS  infor¬ 
mation  were  submitted  to  the  JC-41  Committee  for  review  and  comment. 

The  test  circuit  and  test  procedure  are  shown  in  Figure  8-2  and  Table 
8-3,  respectively.  Most  of  the  sample/hold  electrical  characteristics 
will  be  measured  on  the  S-3263  test  system,  automatically. 

Some  oscilloscope  waveforms  which  show  the  relationships  between  the 
input,  output  and  logic  signals  as  a  function  of  hold  capacitance  and 
signal  level  are  shown  in  Figures  8-3  and  8-4. 

8.4  Discussion 

The  LF198  characterization  work  will  be  covered  completely  In  the  next 
final  report.  At  this  time  the  device  looks  very  promising  and  no 
major  characterization  problems  are  foreseen. 

8.5  Bibliography 

8.5.1  Linear  Databook,  National  Semiconductor  (1978) 

8.5.2  C.  Nelson,  "I.C.  Sample  and  Hold  is  0.017.  Accurate",  E.  E.  Times  I,C. 
Applications  Conference  proceedings,  1977. 

8.5.3  C.  Nelson,  National  Semiconductor,  LF198  Test  Information  (not  pub¬ 
lished)  . 

8.5.4  M.  Mullen,  Advanced  Micro  Devices,  LF198  Test  Information  (not  pub¬ 
lished)  . 
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absolute  maximum  ratings 

Supply  Voltage  tIBV 

Power  Dissipation  (Package  Limitation)  (Note  1)  500  mW 

Operating  Ambient  Temperature  Range 

LF 198  -65" C  to  +  1 25°C 

LF298  ’  -25*0  to  +85° C 

LF398  0'  C  to  ♦701>C 

Storage  Temperature  Range  -65°C  to  *150°C 


input  Voltage  Equal  to  Supply  Voltage 

Logic  To  Logic  Reference  Differential  Voltage  +7V,  -30V 
(Note  2) 

Output  Short  Circuit  Duration  Indefinite 

Hold  Capacitor  Short  Circuit  Duration  10  eee 

Lead  Temperature  (Soldering,  10  seconds)  300* C 


electrical  characteristics  {Note  3) 


PARAMETER 

CONDITIONS 

LF188/LF288 

•  LF388 

UNITS 

MIN 

TYP 

MAX 

MIN 

TVP 

MAX 

Input  Offset  Voltsga.  (Note  6) 

Tj  *  25°  C 

1 

3 

2 

7 

mV 

Full  Temperature  Range 

5 

10 

mV 

Input  Bias  Currant,  INott  6) 

Tj  ■  25’C 

S 

25 

10 

60 

nA 

Full  Temperature  Range 

75 

IX 

nA 

Input  Impedance 

Tj  •  25°C 

to'° 

10’0 

n 

Gain  Error 

T,  -  25° C.  Rl  -  10k 

0  002 

0005 

0004 

001 

% 

Full  Tempeiature  Range 

0.02 

002 

% 

Feedthrough  Attenuation  Ratio 

Tj  -  25° C.  Ch  -  O.OIf/F 

86 

96 

80 

90 

dB 

at  1  kWt 

Output  Impedance 

Tj  •  25t'C,  "HOLD"  mod* 

05 

2 

05 

4 

ft 

Full  Temperature  Range 

4 

6 

n 

HOLD"  Step.  (Note  4) 

Tj  «  25°C,  Ch  •  0  01pF.  V0UT  “  0 

0.5 

20 

1  0 

25 

mV 

Supply  Current,  (Note  6) 

Tj>25"C 

45 

55 

4  5 

65 

mA 

Logic  end  Logic  Reference  Input 

Tj  •  25°  C 

2 

10 

2 

10 

<lA 

Currant 

leakage  Current  into  Hold 

Tj  -  25" C,  (Not#  5) 

30 

100 

30 

200 

pA 

Capacitor  (Note  61 

Hold  Mode 

Acquisition  Time  to  0  1% 

AVcujT  -  10V,  Ch  ■  1000  pF 

4 

4 

PS 

Ch  *  O.OlpF 

20 

20 

P* 

Hold  Capacitor  Charging  Current 

v IN  -  vOUT  -  2v 

5 

5 

mA 

Supply  Voltage  Rejection  Ratio 

VOUT  ■  0 

80 

110 

80 

110 

dB 

Differential  Logic  Threshold 

Tj  •  25°  C 

08 

1.4 

2  4 

0.8 

1.4 

24 

V 

Note  1:  The  maximum  junction  temperature  of  the  LF198  is  150°C,  for  the  LF298,  115®C.  and  for  the  LF398,  100°C.  When  operating  it 
elevated  ambient  temperature,  the  TO-S  package  must  be  derated  based  on  a  thermal  resistance  (»jA)  of  150°C/W 

Nose  2:  Although  the  differential  voltage  may  not  exceed  the  limits  given,  the  common-mode  voltage  on  the  logic  pins  may  be  equal  to  the 
supply  voltages  without  causing  damage  to  the  circuit.  For  proper  109c  operation,  however,  one  of  the  logic  pins  must  always  be  at  least  2V  below 
the  positive  supply  end  3V  above  the  negative  supply 

Note  3;  Unlast  othenwisa  specified,  the  following  conditions  apply.  Unit  is  in  "temple''  mode,  V$  *  ±15V,  Tj  ■  26*C,  -11.6V  <  V|N  <  ♦I  1.5V, 
Ch  "  O-OlpF,  end  R|_  •  10  kO.  Logic  reference  voltage  "  0V  and  logic  voltage  -  2.5V. 

Note  4:  Hold  step  is  sensitive  to  stray  capacitive  coupling  between  input  logic  signals  and  the  hold  capacitor.  1  pF,  for  instance,  will  create  an 
additional  0.6  mV  step  with  a  5V  logic  swing  and  a  O.OInF  hold  capacitor.  Magnitude  of  the  hold  step  is  Inversely  proportional  to  holdcepecl* 
tor  value. 

Note  6:  Leakage  current  is  measured  at  a  function  temperature  of  25°C.  The  affects  of  junction  temperature  rise  due  to  power  dissipation  or 
elevated  ambient  can  be  calculated  by  doubling  the  25°C  value  for  each  11aC  increase  in  chip  temperature.  Leakage  is  guaranteed  overfull  input 
signal  range. 

Note  •:  These  parameters  guaranteed  over  a  supply  voltage  rang*  of  t5  to  tl8V. 


typical  performance  characteristics 


Aperture  Tima* 


Capacitor  Hysteresis 


Dynamic  Sampling  Error 


•  1  f  J#  IN  f« 
raw  si | W  PUT!  <V/«t) 


Table  8-1.  Generic  LF198  electrical  specification. 
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LF  198 

ELECTRICAL  PERFORMANCE  CHARACTERISTICS 
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TABLE  8-2.  JC-41  Committee  LF198  electrical  performance  characteristics 


ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (cont. 
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TABLE  8-2.  JC~41  Committee  LFI98  electrical  performance  characteristi 


_ vj  _ <> 


3*  1 

O  I 


K)  W  (VO 


vO  T3 

^  .  <U 

T3  -a 
TJ  Q)  C 
C  4J  3 
CD  «  O 
u  u 
«jfr  »  bO 

fl)  a» 
-  10 

m  -h  e 
3)  S  -H 
kj  a, 
•>  a) 

O'.  ji  J2 

O  U  *J 
O  •!-* 

“  9 

cri  to 
05  to  TJ 
<U  (D 
<U  rH  U 

u  C  3 
tt)  3  to 
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Relay  control  inputs  are  not  shown. 

A  speed  up  circuit  is  required  in  series  with  the  logic  input  for  rise  times  greater 
than  0,5  us. 

Circled  pin  numbers  are  top  socket  connections.  All  other  pins  are  undersocket  connections 
The  adapter  S/H  U2  is  required  for  T^=125°C  testing  of  some  parameters. 


TABLS  III.  Group  A  Inspection  for  ell  device 


Table  8-3.  LF198  sample/hold  test  procedure* 


Table  8-3.  LF198  sample/hold  test  procedure  (cont'd). 


LF198  Sample /Ho Id  Test  procedure  Notes 


If  In  order  to  remove  test  amplifier  offset  from  the  data  values  measure  the 
offset  of  Ul  on  pin  8  with  pin  9  grounded. 

Software  subtraction  techniques  should  be  used  to  correat  the  data. 

2/  The  equations  take  into  account  the  test  amplifier  gain  of  100  and  other 
circuit  constants  so  that  the  calculated  value  is  in  Table  I  units. 

3/  Common  mode  input  range  conditions  are  exercised  by  grounding  the  signal 
input  and  swinging  the  power  supplies  to  their  nominal  levels  minus  the 
common  mode  voltage.  For  example  for  =  +  11.5  V,  +  Vcc  ■  15  V  -  11.5  *  3.5 
and  -  Vcc  -  -  15  V  -  11.5  V  -  -  26.5  V. 

4/  With  a  0  V  signal,  input  the  D.U.T.  logic  input  is  switched  from  2.5  V  to  0  V. 
This  resets  the  system  in  the  hold  mode.  The  test  amplifier  output  is  mea¬ 
sured  immediately  after  each  15  V  change  at  the  signal  input. 

5/  E22  and  E23  are  measured  with  the  D.U.T.  in  the  hold  mode. 

6/  For  the  hold  step  test,  the  first  and  second  measurements  are  made  with 
the  D.U.T.  in  the  sample  and  hold  modes  respectively. 

7/  Logic  input  step  changes  should  have  a  rise  time  of  0.5  u  seconds  or  less. 

8/  High  and  low  state  logic  input  currents  shall  be  measured  over  the  common 

”  mode  voltage  range  as  shown. 

9/  The  output  shall  be  shorted  to  ground  for  25  milliseconds  or  less. 

10/  Hold  leakage  current  at  25* C  is  determined  by  measuring  the  droop  referred 
to  the  test  amplifier  output  over  a  one  second  interval. 

11/  The  charge  current  measurements  on  pin  7  is  referenced  to  forced  voltages  of 
9.5  V  and  -  9.5  V  respectively. 

12/  With  worst  case  logic  threshold  voltages  applied,  the  hold  cap  terminal 
output  current  is  measured  to  determine  if  the  device  is  in  the  correct 
operating  mode. 

13/  Step  the  signal  input  from  0  V  to  +  10  V.  After  a  delay  of&  100  usee 
generate  a  100  usee  sample  mode  pulse.  The  difference  between  the  input 
and  D.U.T.  output  is  monitored  with  a  high  differential  amplifier.  Reduce 
the  sample  mode  pulse  width  until  there  is  a  10  mV  (0.1%)  change  from  the 
100  usee  pulse  value.  The  sample  mode  pulse  width  for  this  condition  is 
the  acquisition  time.  Repeat  the  above  procedure  for  input  signal  transitions 
of  10  V  to  0  V,  0  V  to  -  10  V  and  -  10  V  to  0  V.  Figure  12  shows  an  automatic 
flow  chart  method  and  a  simplified  manual  method  for  determining  acquisition 
time. 


Table  8-3.  LF198  sample/hold  test  procedure  (cont.) 


14/  Step  the  logic  input  from  5  V  to  0  V  with  the  input  at  0  V.  After  a 

2  usee  time  delay  step  the  signal  input  up  to  10  V.  For  this  condition 
the  D.U.T.  output  should  be  0  V.  Gradually  decrease  the  delay  until 
a  10  mV  (.1%)  shift  occurs  at  the  D.U.T.  output.  Repeat  the  above 
procedure  for  input  signal  transitions  of  10  V  to  0  V,  0  V  to  -  10  V  and 
-  10  V  to  0  V.  The  delay  corresponding  to  the  10  mV  shift  is  equal  to 
the  aperture  time. 

15/  Settling  time  is  determined  by  adding  the  aperture  time  to  the  additional 
increment  of  time  during  which  the  output  in  the  hold  mode  is  greater 
than  one  millivolt  from  final  value. 

16/  Dynamic  feedthrough  rejection  is  determined  in  the  hold  mode  with  a  signal 
input  of  20  Vpp  at  a  frequency  of  1  kHz. 

17/  Overshoot  TR  (OS)  and  rise  time  TR  (tr)  are  indicative  of  the  stability 
and  bandwidth  of  the  device,  respectively. 

18/  Broadband  noise  NI  (BB)  of  the  D.U.T.  is  extracted  from  the  total  noise 
of  the  D.U.T.  and  a  low  noise  op  amp  such  as  the  SE5534. 


Table  8-3.  LF198  sample/hold  test  procedure  (cont.) 
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Vout  @  5  V/div. 


Vin  @  5  V/div. 
Time  (a  10  us/div. 
C  =  .01  uF 
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VOLTAGE  REGULATORS,  NEGATIVE 
MIL-M-385 10/115 


9.1  Background  and  Introduction 

The  characterization  effort  of  fixed  negative  voltage  regulators  was 
undertaken  in  1978  and  is  reported  in  RADC-TR-78-275  Final  Technical 
Report.  The  report  noted  observations  that  indicated  several  device 
anomalies,  such  as;  a)  start-up  and  output  short  circuit  current  problems 
under  different  input  voltages  and  load  currents,  b)  emitter- follower 
type  oscillations  and  c)  hot-socket  insertion/extraction  failures. 

Emitter- follower  type  oscillations  and  hot-socket  insertion/extraction 
failures  were  investigated  and  solutions  to  these  problems  were  presented. 
Information  relation  to  problems  of  this  type  may  be  found  in  an 
article  "Designer's  Guide  to:  I.C.  Voltage  Regulators"  by  Robert  Dobkin 
published  in  EDN  August  20,  1979  and  September  5,  1979.  The  start-up 
anomaly  was  observed  immediately  prior  to  the  writing  of  the  above 
mentioned  report.  Investigations  were  continued  after  the  report  was 
issued  for  publication  and  are  presented  herein. 

9.2  Start-up  Investigations  and  Results 

The  investigation  of  the  start-up  problem  was  initiated  as  a  result  of 
comments  made  at  a  JC-41  Committee  meeting  in  March  of  1978.  At  this 
meeting  various  members  disclosed  that  some  regulators  failed  to  start 
or  were  specified  in  such  a  way  that  devices  that  would  not  start  would 
not  be  detected.  The  investigation  at  OS  began  with  the  construction  of 
the  test  circuit  shown  in  Figure  9.1.  The  switch,  3-1,  was  connected  to 
a  stiff  high  current  power  supply  and  the  test  was  performed  under  vari¬ 
ous  load  conditions.  The  test  was  performed  repeatedly  and  occasional 
failures  were  observed  by  three  individuals  at  OS  test  facilities.  As 
simple  as  this  test  appeared,  it  had  the  drawback  that  the  on/off  duty 
cycle,  for  power  to  the  device,  was  uncontrolled;  and,  since  these 
devices  are  tested  without  a  heat  sink,  it  is  quite  possible  that  with 
this  over-simplified  test  circuit  they  were  driven  into  their  thermal 
shut-down  mode. 

In  order  to  eliminate  the  suspected  thermal  shut  down  problem,  a  special 
solid  state  start-up  circuit  was  constructed  and  is  shown  in  its  final 
form  in  Figure  9.2,.  This  circuit  was  used  to  test  devices  that  had 
previously  failed  start-up  at  OS,  but  could  not  be  confirmed  at  the 
manufacturer's  test  facility.  The  use  of  relays  for  this  test  was  re¬ 
jected  because  it  was  felt  that  relay  chatter  would  introduce  an  uncon¬ 
trolled  test  condition.  The  pass  transistor,  used  in  the  circuit  in 
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Figure  942,  is  a  power  darlington  transistor  and  can  provide  sufficiently 
high  initial  current  for  the  start-up  test,  A  current  regulator  is  used 
in  the  base  of  the  power  darlington,  and  the  current  into  the  base  of 
the  transistor  is  regulated  by  the  op  amp  and  the  shunt  transistor  to 
ground.  Because  of  the  high  capacitive  load  circuit  at  the  power 
darlington  emitter  and  the  high  impedance  input  circuit  at  the  power 
darlington  base,  it  was  necessary  to  add  stabilizing  capacitors  to  the 
control  circuit  in  order  to  eliminate  emitter-follower  oscillations. 

The  closed  loop  gain  of  the  start-up  circuit  has  a  gain  of  10  so  that 
voltages  as  high  as  40  can  be  easily  programmed  by  either  an  automatic 
tester  or  a  pulse  generator.  With  this  start-up  circuit,  the  duty  cycle 
of  the  regulator  on-time  was  set  for  2%.  No  start  up  failures  were  ob¬ 
served  on  the  oscilloscope;  so,  the  duty  cycle  was  increased.  As  the 
duty  cycle  increased,  intermittent  start-up  problems  were  observed.  This 
circuit  confirmed  the  suspicion  that  the  initial  observation  was  due  to 
uncontrolled  heating  of  the  device  which  went  into  thermal  shut-down. 

At  a  later  meeting  of  the  JC-41  Committee,  it  was  learned  that  the 
start-up  problem  could  occur  if  the  regulator  output  was  momentarily 
shorted  to  ground.  To  test  this  parameter  the  circuit* shown  in  Figure 
9. 2;  at  the  output  of  the  regulator  was  developed.  with  this  circuit, 
the  output  is  forced  to  zero  volts.  The  forcing  voltage  is  then  removed 
and  the  device  is  allowed  to  recover  into  a  resistive  capacitive  load. 

OS  recommends  that  this  anomaly  be  called  voltage  recovery.  Both  start¬ 
up  and  voltage  recovery  tests  are  discussed  in  Section  3. 

Some  negative  voltage  regulators  with  date  code  7619  and  7639  were  tested 
in  this  test  circuit.  The  devices  all  started-up  at  25“c  with  input 
voltages  between  -  30V  and  -8  Volts  and  with  load  conditions  in  accordance 
with  the  test  specification.  However,  with  the  input  voltage  magnitude 
greater  than  25  volts  and  the  case  temperature  greater  than  60“C,  a  few 
of  these  regulators  failed  to  recover  with  the  specified  load  current. 
Negative  regulators  with  date  codes  78XX  were  also  tested  and  passed 
the  voltage  recovery  test  with  a  case  temperature  of  125°C. 

Additional  testing  on  the  76XX  data  code  devices  that  failed  the  voltage 
recovery  test  revealed  that  the  input-to-output  voltage  differential  is 
very  critical.  For  case  temperatures  above  60°C  and  with  a  specified 
load  condition,  these  devices  shut  down  when  the  input-to-output  voltage 
magnitude  was  greater  than  20  volts.  None  of  the  tested  negative  voltage 
regulators,  with  date  codes  78XX,  showed  this  anomaly. 
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9.3  Conclusions 


Start-up  problems  originally  identified  by  GEOS  in  1978  apparently  were 
due  to  the  use  of  an  uncontrolled  ON-time  duty  cycle  of  the  regulator, 
causing  random  thermal  shutdown  to  occur.  Present  testing  indicates 
that  start-up  problems  do  not  exist  with  any  regulators  specified  in 
MIL-M-38510/115,  /117,  /118. 

Voltage  recovery  problems  may  exist  with  devices  from  one  vendor,  having 
date  codes  prior  to  1978.  Devices  qualified  to  MIL-M-38510  will  not 
exhibit  voltage  recovery  problems,  which  have  been  designed  out  by  the 
vendor  in  question. 

Hot  socket  &  emitter  follower  oscillations  were  resolved  in  the  afore¬ 
mentioned  report.  The  findings  and  resolutions  for  these  anomalies  are 
still  valid. 
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NOTES: 

I J  For  each  device  type,  adjust  RL  for  a  typical  load  current  of  5  mA. 

2/  Adjust  V9"“  |v in(min)l  for  the  device  type  under  test.  Close  switch  SI  and 
observe  that  the  proper  voltage  is  at  V0.  Open  SI. 

3/  Repeat  the  conditions  defined  in  1/  and  2 J  with  V8  ■  -  |V£n (max) I  f°r 
each  device  type  under  test. 

4/  For  each  device  type,  adjust  Rl  for  a  load  current  of  350  mA  or  500  mA 
per  Group  2. 

5/  Repeat  the  conditions  defined  in  2/  and  3/  with  the  load  current  conditions 
defined  in  4/. 

6/  For  each  device  type,  adjust  for  a  typical  maximum  load  current. 

Tj  Repeat  the  conditions  defined  in  2/  and  3/  with  the  load  current  condi¬ 
tions  defined  in  6/. 

8/  With  S2  closed,  repeat  the  conditions  defined  in  1/  through  7/ . 

Figure  9.1.  Manually  controlled  start-up  test  circuit. 
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Solid-state  controlled  start-up  and  recovery  voltage  circuit. 
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